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Foreword 


HE  rapid  evolution  of  constructive  methods  in  recent 
years,  as  illustrated  in  the  use  of  steel  and  concrete, 
and  the  increased  size  and  complexity  of  buildings, 
has  created  the  necessity  for  an  authority  which  shall 
embody  accumulated  experience  and  approved  practice  along  a 
variety  of  correlated  lines.  The  Cyclopedia  of  Architecture, 
Carpentry,  and  Building  is  designed  to  fill  this  acknowledged 
need. 

C.  There  is  no  industry  that  compares  with  Building  in  the 
close  interdependence  of  its  subsidiary  trades.  The  Architect, 
for  example,  who  knows  nothing  of  Steel  or  Concrete  con- 
struction is  to-day  as  much  out  of  place  on  important  work 
as  the  Contractor  who  cannot  make  intelligent  estimates,  or  who 
understands  nothing  of  his  legal  rights  and  responsibilities.  A 
carpenter  must  now  know  something  of  Masonry,  Electric  Wiring, 
and,  in  fact,  all  other  trades  employed  in  the  erection  of  a  build- 
ing ;  and  the  same  is  true  of  all  the  craftsmen  whose  handiwork 
will  enter  into  the  completed  structure. 

,  Neither  pains  nor  expense  have  been  spared  to  make  the 
present  work  the  most  comprehensive  and  authoritative  on  the 
subject  of  Building  and  its  allied  industries.  The  aim  has  been, 
not  merely  to  create  a  work  which  will  appeal  to  the  trained 


expert,  but  one  that  will  commend  itself  also  to  the  beginner 
and  the  self-taught,  practical  man  by  giving  him  a  working 
knowledge  of  the  principles  and  methods,  not  only  of  his  own 
particular  trade,  but  of  all  other  branches  of  the  Building  Indus- 
try as  well.  The  various  sections  have  been  prepared  especially 
for  home  study,  each  written  by  an  acknowledged  authority  on 
the  subject.  The  arrangement  of  matter  is  such  as  to  carry  the 
student  forward  by  easy  stages.  Series  of  review  questions  are 
inserted  in  each  volume,  enabling  the  reader  to  test  his  knowl- 
edge and  make  it  a  permanent  possession.  The  illustrations  have 

&  £  i 

been  selected  with  unusual  care  to  elucidate  the  text. 

C.  The  work  will  be  found  to  cover  many  important  topics  on 
which  little  information  has  heretofore  been  available.  This  is 
especially  apparent  in  such  sections  as  those  on  Steel,  Concrete, 
and  Reinforced  Concrete  Construction;  Building  Superintendence; 
Estimating;  Contracts  and  Specifications,  including  the  princi- 
ples and  methods  of  awarding  and  executing  Government  con- 
tracts; and  Building  Law. 

C.  The  method  adopted  in  the  preparation  of  the  work  is  that 
which  the  American  School  of  Correspondence  has  developed 
and  employed  so  successfully  for  many  years.  It  is  not  an 
experiment,  but  has  stood  the  severest  of  all  tests — that  of  prac- 
tical nse — which  has  demonstrated  it  to  be  the  best  method 
yet  devised  for  the  education  of  the  busy  working  man. 

C.  In  conclusion,  grateful  acknowledgment  is  due  the  staff  of 
authors  and  collaborators,  without  whose  hearty  co-operation 
this  work  would  have  been  impossible. 
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HEATING  AND  VENTILATION. 

PART     I. 


SYSTEMS  OF  WARMING. 

Any  system  of  warming  must  include,  first,  the  combustion 
of  fuel  which  may  take  place  in  a  fireplace,  stove,  steam  or  hot- 
water  boiler  ;  second,  a  system  of  transmission,  by  means  of  which 
the  heat  may  be  carried,  with  as  little  loss  as  possible,  to  the 
place  where  it  is  to  be  used  for  warming,  and  third,  a  system  of 
diffusion,  which  will  convey  the  heat  to  the  air  in  a  room  and  to 
its  walls,  floors,  etc.,  in  the  most  economical  way. 

Stoves.  The  simplest  and  cheapest  form  of  heating  is  the 
stove.  The  heat  is  diffused  by  radiation  and  convection' directly 
to  the  objects  and  air  in  the  room,  and  no  special  system  of  trans- 
mission is  required.  The  stove  is  used  largely  in  the  country 
and  is  especially  adapted  to  the  warming  of  small  dwelling  houses 
and  isolated  rooms. 

Furnaces.  Next  in  cost  of  installation  and  simplicity  of 
operation  is  the  hot-air  furnace.  In  this  method,  the  air  is  drawn 
over  heated  surfaces  and  then  transmitted  through  pipes,  while  at 
a  high  temperature,  to  the  rooms  where  heat  is  required.  Fur- 
naces are  used  largely  for  warming  dwelling  houses,  also  churches, 
halls  and  schoolhouses  of  small  size.  They  are  more  costly  than 
stoves,  but  have  some  advantages  over  that  form  of  heating. 
They  require  less  care,  as  several  rooms  may  be  warmed  from  a 
single  furnace  ;  and,  being  placed  in  the  basement  all  dust  from 
coal  and  ashes  is  kept  from  the  rooms  above. 

In  construction  a  furnace  is  a  large  stove  with  a  combustion 
chamber  of  ample  size  over  the  fire ;  the  whole  being  enclosed  in 
a  casing  of  sheet  iron  or  brick.  The  bottom  of  the  casing  is  pro- 
vided with  a  cold-air  inlet,  and  at  the  top  are  pipes  which  connect 
with  registers  placed  in  the  various  rooms  to  be  heated.  Cold 
fresh  air  is  brought  from  out  of  doors  through  a  pipe  or  duct 
called  the  "  cold-air  box ;  "  this  air  enters  the  space  between  the 
casing  and  the  furnace  near  the  bottom  and  in  passing  over  the 
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hot  .surfaces  of  the  fire  pot  and  combustion  chamber,  becomes 
heated.  It  then  rises  through  the  warm-air  pipes  at  the  top  of 
the  casing  and  is  discharged  through  the  registers  into  the  rooms 
above. 


As  the  warm  air  is  taken  from  the  top  of  the  furnace,  cold 
air  flows  in  through  the  cold-air  box  to  take  its  place.  The  air 
for  heating  the  rooms  does  not  enter  the  combustion  chamber. 
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Fig.  1  shows  the  general  arrangement  of  a  furnace  with  its  con 
necting  pipes.  The  cold-air  inlet  is  seen  at  the  bottom  and  the 
hot-air  pipes  at  the  top;  these  are  all  provided  with  dampers 
for  shutting  off  or  regulating  the  amount  of  air  flowing  through 
them.  The  feed  or  fire  door  is  -shown  at  the  front  and  the  ash 
door  beneath  it;  a  water  pan  is  placed  inside  the  casing  and  fur- 
nishes moisture  to  the  warm  air  before  passing  into  the  rooms; 
water  is  either  poured  into  the  pan  through  an  opening  in  the 
front,  provided  for  this  purpose,  or  is  supplied  automatically 
through  a  pipe. 

The  fire  is  regulated  by  means  of  a  draft  slide  in  the  ash 
door  and  a  cold- air  or  regulating 
damper  placed  in  the  smoke- 
pipe.  Clean-outdoors  are  placed 
at  different  points  in  the  casing 
for  the  removal  of  ashes  and 
soot.  Furnaces  are  made  either 
of  cast  iron,  or  of  wrought  iron 
plates  riveted  together  and  pro- 
vided with  brick-lined  fire  pots. 

One  great  advantage  in  this 
method  of  warming  comes  from 
the  constant  supply  of  fresh  air 
which  is  required  to  bring  the 
heat  into  the  rooms.  While  this 
is  greatly  to  be  desired  from  a 
sanitary  standpoint  it  requires  a 
larger  amount  of  fuel  than  would  otherwise  be  necessary,  for  heat 
is  required  to  warm  the  fresh  air  from  out  of  doors  up  to  the  tem- 
perature of  the  rooms,  in  addition  to  that  lost  by  leakage  through 
walls  and  windows. 

A  more  even  temperature  may  be  maintained  in  this  way 
than  by  the  use  of  stoves,  owing  to  the  greater  depth  and  size  of 
the  fire,  which  causes  it  to  be  more  easily  controlled.  When  a 
building  is  placed  in  an  exposed  location,  difficulty  may  be  experi- 
enced at  times  in  warming  certain  rooms,  depending  upon  the 
direction  of  the  wind ;  this  may  be  overcome  to  a  large  extent  by 
a  proper  location  of  the  furnace  and  the  exercise  of  suitable  care 


P* 


Fig.  2. 
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in  running  the  connecting  pipes.     This  will  be  taken  up  later  in 
the  design  of  heating  systems. 

Direct  Steam  Heating.  Direct  steam  heating  is  used  in  all 
classes  of  buildings,  both  by  itself  and  in  combination  with  other 
systems.  The  first  cost  of  installation  is  greater  than  for  furnace 
heating  but  the  amount  of  fuel  required  is  less,  as  no  outside  air- 
supply  is  necessary.  If  used  for  warming  hospitals,  schoolhouses 
or  other  buildings  where  ventilation  is  desired,  it  must  be  supple- 
mented by  some  other  means  for  providing  warm  fresh  air.  A 

system  of  direct 
§team  heating  con- 
sists of  a  furnace 
and  boiler  for  the 
combustion  of  fuel 
and  the  generation 
of  steam  ;  a  system 
of  pipes  for  con- 
veying the  steam 
to  the  radiators  and 
for  returning  the 
water  of  condensa- 
tion to  the  boiler; 
and  radiators  or 
coils  placed  in  the 
rooms  for  diffusing 
the  heat. 

Various  types 

of  boilers  are  used,  depending  upon  the  size  and  kind  of  building 
to  be  warmed.  Some  form  of  cast  iron  sectional  boiler  is 
commonly  used  for  dwelling  houses,  while  the  tubular  or  water- 
tube  boiler  is  more  usually  employed  in  larger  buildings.  Where 
the  boiler  is  used  for  heating  purposes  only,  a  low  steam  pres- 
sure of  from  2  to  10  pounds  is  carried  and  the  condensation 
flows  back  by  gravity  to  the  boiler  which  is  placed  below  the 
lowest  radiator.  When,  for  any  reason,  a  higher  pressure  is 
k required,  the  steam  for  the  heating  system  is  made  to  pass  through 
a  reducing  valve  and  the  condensation  is  returned  to  the 
boiler  by  means  of  a  pump  or  return  trap.  The  methods  of 


Fig.  3. 
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making  the  pipe  connections  between  the  boiler  and  radiators 
vary  for  different  conditions  and  in  different  systems  of  heating. 
These  will  be  taken  up  later  under  the  head  of  design. 

Direct  radiating  surface  is  made  up  in  different  ways :  Fig  2 
shows  a  common  form  of  cast  iron  sectional  radiator;  these  can  be 
made  up  in  any  size  depending  upon  the  height  and  number  of 
sections  used.  Fig.  3  is  made  up  of  vertical  wrought  iron  pipes 
screwed  into  a  cast  iron  base  and  is  a  very  efficient  form.  Fig.  4 
shows  a  type  of  cast  iron  wall  radiator  which  is  often  used  where 
it  is  desired  to  keep  the  floor  free  from  obstruction.  Fig.  5  is  a 
special  form  of  dining-room  radiator  provided*  with  a  warming 
closet.  Wall  and  ceiling  coils  of  wrought  iron  pipe  are  often  used 


in  school  rooms,  halls  and  shops  or  where  the  appearance  is  not 
objectionable. 

Indirect  Steam.  This  system  of  heating  combines  the  advan- 
tages of  both  the  furnace  and  direct  steam  but  is  more  expensive 
to  install.  The  amount  of  fuel  required  is  about  the  same  as  in 
the  case  of  furnace  heating.  Instead  of  placing  the  radiators  in 
the  rooms,  a  special  form  of  heater  is  placed  beneath  the  floor  and 
encased  in  galvanized  iron  or  brickwork.  A  cold-air  box  is  con- 
nected with  the  space  beneath  the  heater  and  warm-air  pipes  at 
the  top  are  connected  with  registers  in,  the  floors  or  walls  as 
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already  described  for  furnaces.  A  separate  heater  may  be  pro- 
vided for  each  register  if  the  rooms  are  large,  or  two  or  more 
registers  may  be  connected  with  the  same  heater  if  the  horizontal 
runs  of  pipe  are  shorv.  Fig.  6  shows  a  section  through  a  heater 
arranged  for  introducing  hot  air  into  a  room  through  a  floor 
register  and  Fig.  7  shows  the  same  type  of  heater  connected  with  a 

wall  register.  The 
cold-air  box  is  seen 
at  the  bottom  of  the 
casing,  and  the  air 
in  passing  through 
the  spaces  between 
the  sections  of  the 
heater,  becomes 
wanned  and  rises 
to  the  rooms  above. 
Different  forms 
of  indirect  heaters 
are  shown  in  Figs. 
8  and  9.  Several  sections  connected  in  a  single  group  are  called  a 
"  Stack."  Sometimes  the  stacks  are  encased  in  brickwork  built 
up  from  the  basement 
floor  instead  of  galvan- 
ized iron  as  shown  in 
the  cuts.  This  method 
of  heating  provides  fresh 
air  for  ventilation,  and 
for  this  reason  is  espe- 
cially adapted  for  school- 
houses,  hospitals, 
churches,  etc.  As  com- 
pared with  furnace  heat- 
ing it  has  the  advantage 
of  being  less  affected  by  outside 'wind  pressure,  as  long  runs 
of  horizontal  pipe  are  avoided  and  the  heaters  can  be  placed 
near  the  registers.  In  a  large  building  where  several  fur- 
naces would  be  required,  a  single  boiler  can  be  used  and  the 
number  of  stacks  increased  to  suit  the  existing  conditions,  thus 


Fig.  6. 
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making  it  necessary  to  run  but  a  single  fire.  Another  advantage 
is  the  large  ratio  between  the  heating  and  grate  surface  as  com- 
pared with  a  furnace,  and  as  a  result  a  large  quantity  of  air  is 
warmed  to  a  moderate  temperature  in  place  of  a  smaller  quantity 
heated  to  a  much  higher  temperature.  This  gives  a  more  agree- 
able quality  to  the  air  and 
renders  it  less  dry.  Direct 
and  indirect  systems  are  often 
combined,  thus  providing  the 
living  rooms  with  ventilation 
while  the  hallways,  corridors, 
etc.,  have  only  direct  radia- 
tors for  warming. 

Direct-Indirect  Radiators. 
A  direct-indirect  radiator  is 
similar  in  form  to  a  direct 
radiator  and  is  placed  in  a 
room  in  the  same  manner. 
Fig.  10  shows  the  general 
form  of  this  type  of  radiator 
and  Fig.  11  shows  a  section  Fig.  7. 

through  the  same.  The  shape  of  the  sections  is  such,  that  when 
in'  place,  small  flues  are  formed  between  them.  Air  is  admitted 
through  an  opening  in  the  outside  wall  and  in  passing  upward 


Fig.  8. 

through  these  flues  becomes  heated  before  entering  the  room.  A 
switch  damper  is  placed  in  the  duct  at  the  base  of  the  radiator  so 
that  the  air  may  be  taken  from  the  room  itself  instead  of  from 
out  of  doors  if  so  desired. 
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Direct  Hot  Water.  This  system  is  similar  in  construction 
to  one  for  direct  steam,  except  that  hot  water  flows  through  the 
pipes  and  radiators  instead  of  steam.  It  is  largely  used  for  the 
warming  of  dwelling  houses  to  which  it  is  especially  adapted 


Fig.  9. 

owing  to  the  ease  with  which  the  temperature  of  the  water  can  be 

regulated. 

Where  steam  is  used  the  radiators  are  always  at  practically  the 
same  temperature,  and  regulation 
must  be  secured  by  shutting  off 
steam  and  turning  it  on  at  inter- 
vals depending  on  the  outside 
temperature ;  while  with  hot  water, 
the  radiators  can  be  kept  turned 
on  all  the  time,  and  regulation 
secured  by  varying  the  tempera- 
ture of  the  water  flowing  through 
them. 

There  are  two  distinct  systems 
of  circulation  employed ;  one  de- 
[pending  on  the  difference  in  tem- 
perature of  the  water  in  the  sup- 
ply and  return  pipes,  called 
"gravity  circulation;"  and  an- 
other where  a  pump  is  used  to 
FiS-  11-  force  the  water  through  the  mains, 

called  "forced  circulation."     The  former   is  used  for  dwellings 

und   other  buildings  of  ordinary  size,  and  the  latter  for  large 
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buildings,  and  especially  where  there  are  long  horizontal  runs  of 
pipe. 

For  gravity  circulation  some  form  of  sectional  cast  iron  boiler 
is  commonly  used  although  wrought  iron  tubular  boilers  may  be 
employed  if  desired.  In  the  case  of  forced  circulation  a  heater 
designed  to  warm  the  water  by  means  of  live  or  exhaust  steam  is 
often  used.  A  centrifugal  or  rotary  pump  of  the  type  shown  in 


Fig.  10. 

Fig.  12  is  best  adapted  to  this  purpose;  this  pump  may  be  driven 
by  an  electric  motor,  or  a  steam  engine,  as  most  convenient.  Fig. 
13  shows  the  general  form  of  a  hot- water  radiator,  which  is  similar 
to  those  used  for  steam,  except  the  sections  are  connected  at  the 
top  as  well  as  at  the  bottom;  this  is  shown  by  the  cap  over  the 
opening  at  the  top  of  the  end  section,  which  does  not  appear  on 
the  steam  radiator  shown  in  Fig.  2.  A  system  for  hot-water 
heating  costs  more  to  install  than  one  for  steam  as  the  radiators 
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have  to  be  larger  and  the  piping  of  larger  size  and  more  carefully 
graded. 

Indirect  .Hot  Water.  This  is  used  under  the  same  condi- 
tions as  indirect  steam,  and  the  heaters  used  are  similar  to  those 
already  described.  Special  attention  is  given  to  the  form  of  the 

sections  in  order  that 
there  may  be  an  even 
distribution  of  water 
through  all  parts  of 
them.  Figs.  14  and 
.15  show  typical  hot- 
>  water  radiators  for  in- 
direct work.  As  the 
stacks  are  placed  in 
the  basement  of  a 
building,  and  only  a 
short  distance  above 
the  boiler,  extra  large 
pipes  must  be  used  to 
secure  a  proper  cir- 
culation,  for  the 
"  h  e  a  d  "  producing 
flow  is  small.  The 
stack  casings,  cold  and 
warm-air  pipes  and 
registers  are  the  same 
as  in  steam  heating. 

Exhaust  Steam.  Exhaust  steam  is  used  for  heating  in  con- 
nection with  power  plants,  as  in  factories  and  shops  or  in  office 
buildings  which  have  their  own  lighting  plants.  There  are  two 
methods  of  using  exhaust  steam  for  heating  purposes.  One  is  to 
carry  a  back  pressure  on  the  engines  of  from  5  to  10  pounds, 
depending  on  the  length  and  size  of  the  pipe  mains,  and  the  other 
is  to  use  some  form  of  "  vacuum  system  "  which  consists  of  a  pump 
or  ejector  attached  to  the  returns  from  the  radiators ;  this  draws 
the  steam  through  the  radiators  and  tends  to  reduce  the  back 
pressure  on  the  engines  rather  than  to  increase  it. 

Where  tho  first  method  is  used,  and  a  back  pressure  carried, 
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either  the  boiler  pressure  or  the  cut-off  of  the  engines  must  be 
increased  to  keep  the  "  mean  effective  pressure  "  the  same  and  not 
reduce  the  horse-power  delivered.  In  general  it  is  more  econom- 
ical to  utilize  the  exhaust  steam 
for  heating.  There  are  in- 
stances, however,  where  the  re- 
lation between  the  quantities  of 
steam  required  for  heating  and 
for  power  are  such,  especially 
if  the  engines  are  run  condens- 
ing, that  it  is  better  to  throw 
the  exhaust  away  and  heat  with 
live  steam.  Where  the  vacuum 
method  is  used  these  difficulties 

are  avoided,  and  for  this  reason 

Fie    12 
it  is  coming  into  more  common 

use.  If  the  condensation  from  the  exhaust  steam  is  returned  to 
the  boilers  the  oil  must  first  be  removed ;  this  is  usually  accom- 
plished by  passing  the  steam  through  some  form  of  grease  ex- 
tractor as  it  leaves  the  engine.  The  water  of  condensation  is 


Fig.  14. 

then  passed  through  a  separating  tank  before  it  is  delivered  to 
the  return  pumps.  It  is  better  to  remove  a  portion  of  the  oil 
before  the  steam  enters  the  pipes  and  radiators,  else  a  coating 


21 


14 


HEATING  AND  VENTILATION. 


will  be  formed  on  their  inner  surfaces  which  will  reduce   their 
heating  efficiency. 

Forced  Blast.  This  method  of  heating,  in  different  forms, 
is  used  for  the  warming  of  factories,  schools,  churches,  theatres, 
halls  or  any  large  building  where  good  ventilation  is  desired. 
The  air  for  warming  is  drawn  or  forced  through  a  heater  of  special 
design,  and  discharged  by  a  fan  or  blower  into  ducts  which  lead  to 
registers  placed  in  the  rooms  to  be  warmed.  The  heater  is  usually 
made  up  in  sections  so  that  steam  may  be  admitted  to  or  shut  off 
from  any  section  independently  of  the  others,  and  the  temper- 
ature of  the  air  regulated  in  this  manner.  Sometimes  a  by-pass 


damper  is  attached,  so  that  part  of  the  air  will  pass  through  the 
heater  and  part  around  or  over  it ;  in  this  way  the  proportions  of 
cold  and  heated  air  may  be  so  adjusted  as  to  give  the  desired 
temperature  to  the  air  entering  the  rooms.  These  forms  of  regu- 
lation are  common  where  a  blower  is  used  for  warming  a  single 
room  as  in  the  case  of  a  church  or  hall ;  but  where  several  rooms 
are  warmed,  as  in  a  schoolhouse,  it  is  customary  to  use  the  main 
or  primary  heater  at  the  blower  for  warming  the  air  to  a  given 
temperature,  (somewhat  below  that  which  is  actually  required) 
and  to  supplement  this  by  placing  secondary  coils  or  heaters  at 
the  bottoms  of  the  flues  leading  to  the  different  rooms.  By 
means  of  this  arrangement  the  temperature  of  each  room  can  be 
regulated  independently  of  the  others.  The  so-called  double 
duct  system  is  sometimes  employed.  In  this  case  two  ducts  are 
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carried  to  each  register,  one  supplying  hot  air  and  the  other  cold  or 
tempered  air,  and  a  damper  for  mixing  these  in  the  right  propor- 


Fig  16. 

tions  is  placed  in  the  flue  below  the  register.     Fig.  16  shows  a 
common  form  of  the  heater  used  in  connection  with  a  fan  ;  this  is  en- 
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cased  in  heavy  sheet  iron  or  brickwork,  and  is  so  connected  with 
the  fan  that  the  air  is  drawn  or  forced  through  the  spaces  between 
the  hot  pipes  and  thus  becomes  heated.  Fig.  17  represents  the  usual 
form  of  fan  wheel  used  for  heatincr  and  ventilatino-  work;  this  is 

O  D 

enclosed  in  a  steel  plate  casing  with  inlet  openings  at  the  sides 
and  a  discharge  outlet  at  the  outer  edge  of  the  fan.  A  common 
arrangement  of  fan  and  heater  is  shown  in  Fig.  18.  The  arrows 
indicate  the  cold  air  entering  the  heater  and  the  discharge  from 
the  fan  is  through  the  circular  opening  at  the  top  of  the  casing. 
This  fan  is  shown  as  being  driven  by  a  direct  connected  engine. 

Electric  motors  and  steam 
engines  are  both  used  for  this 
purpose  and  may  be  either 
belted  or  direct  connected. 

Fig.  19  shows  a  fan  and 
heater  arranged  for  a  double 
duct  system.  A  portion  of 
the  air  passes  through  the 
heater,  the  top  of  which  can 
be  seen  where  the  casing  is 
broken  away ;  the  remainder 
of  the  air  passes  partly 
through,  and  partly  over  the 
heater,  depending  upon  the 
position  of  the  by-pass  dam- 
l^'  per  above.  The  temperature 

of  the  air  in  the  upper  duct  is  therefore  less  than  that  in  the 
lower,  and  the  two  can  be  mixed  at  the  registers  as  required.  In 
Fig.  20  is  shown  a  type  of  fan  called  the  "  cone  fan."  This  is 
usually  placed  in  an  opening  in  a  brick  wall  and  discharges  air 
from  its  entire  perimeter  into  a  room  called  a  "plenum"  chamber, 
with  which  the  various  distributing  ducts  connect. 

Electricity.  Unless  electricity  is  produced  at  a  very  low 
cost,  its  use  for  heating  residences  or  large  buildings  is  not  practi- 
cable. It  has  however  quite  a  field  of  usefulness  in  the  heating 
of  small  offices,  bath  rooms,  cold  corners  of  rooms,  electric  cars, 
etc.,  and  is  often  used  in  rooms  which  cannot  be  reached  by  steam 
or  warm-air  pipes. 
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It  has  the  special  advantage  of  being  instantly  available,  and 
the  amount  of  heat  may  be  regulated  at  will. 

The  heaters  are  perfectly  clean,  do  not  vitiate  the  air  and  are 
portable.  They  are  usually  arranged  in  sections  so  that  the 
amount  of  heat  can  be  regulated  as  desired.  They  are  made  up 


Fig.  18. 

of  resistance  coils  embedded  in  asbestos  or  some  other  form  of 
non-conducting  material. 

Figs.  21,  22  and  23  show  different  forms  of  electric  radiators; 
Fig.  22  is  designed  especially  for  car  heating. 

PRINCIPLES  OF   VENTILATION. 

Closely  connected  with  the  subject  of  heating  is  the  problem 
of  maintaining  air  of  a  certain  standard  of  purity  in  the  various 
buildings  occupied. 

The  introduction  of  pure  air  can  only  be  done  properly  in 
connection  with  some  system  of  heating,  and  no  system  of  heating 
is  complete  without  a  supply  of  pure  air,  depending  in  amount 
upon  the  kind  of  building  and  the  purpose  for  which  it  is  used. 

Composition  of  the  Atmosphere.     It  has  already  been  stated 
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elsewhere  in  this  work  that  atjnospheric  air  is  not  a  simple 
substance  but  a  mechanical  mixture.  Oxygen  and  nitrogen, 
the  principal  constituents,  are  present  in  very  nearly  the  pro- 
portion of  one  part  of  oxygen  to  four  parts  of  nitrogen  by 
weight.  Carbonic  acid  gas,  the  product  of  all  combustion,  exists 
in  the  proportion  of  3  to  5  parts  in  10,000  in  the  open  country. 
Water  in  the  form  of  vapor,  varies  greatly  with  the  temperature, 
and  the  exposure  of  the  air  to  open  bodies  of  water.  In  addition 
to  the  above,  there  are  generally  present,  in  variable  but  exceed- 
ingly small  quantities,  ammonia,  sulphuretted  hydrogen,  sulphuric, 
sulphurous,  nitric  and  nitrous  acids,  floating  organic  and  inorganic 
matter  and  local  impurities.  Air  also  contains  ozone  which  is  a 
peculiarly  active  form  of  oxygen,  and  lately  new  constituent  gases 
have  been  found  in  small  quantities. 


Fig.  19. 

Oxygen  is  one  of  the  most  important  elements  of  the  air, 
%so  far  as  both  heating  and  ventilation  are  concerned.  It  is  the 
active  element  in  the  chemical  process  of  combustion  and  also  of 
a  somewhat  similar  process  which  takes  place  in  the  respiration 
of  human  beings.  Taken  into  the  lungs  it  acts  upon  the  excess 
of  carbon  in  the  blood,  and  possibly  upon  other  ingredients,  form- 
ing chemical  compounds  which  are  thrown  off  in  the  act  of  respir- 
ation or  breathing. 

Nitrogen.     The  principal  bulk  of  the  atmosphere  is  nitrogen, 
which   exists  uniformly  diffused  with  oxygen  and  carbonic  acid 
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gas.  This  element  is  practically  inert  in  all  processes  of  combus- 
tion or  respiration.  It  is  not  affected  in  composition,  either  by 
passing  through  a  furnace  during  combustion  or  through  the  lungs 
in  the  process  of  respiration.  Its  action  is  to  render  the  oxygen 
less  active  and  to  absorb  some  part  of  the  heat  produced  by  the 
process  of  oxidation. 


Fig.  20. 

Carbonic  Acid  Gas  is  of  itself  only  a  neutral  constituent  of 
the  atmosphere,  like  nitrogen,  and  contrary  to  the  general  im- 
pression its  presence  in  moderately  large  quantities  (if  uncombined 
with  other  substances)  is  neither  disagreeable  nor  especially  harm- 
ful. Its  presence  in  the  air,  however,  provided  for  respiration, 
decreases  the  readiness  with  which  the  carbon  of  the  blood  unites 
with  the  oxygen  of  the  air,  and  therefore,  when  present  in  sufficient 
quantity  may  cause  indirectly,  not  only  serious,  but  fatal  results. 


•90 


HEATING  AND  VENTILATION. 


The  real  harm  of  a  vitiated  atmosphere  is  caused  by  its  other 
constituent  gases  and  by  tbe  minute  organisms  which  a1  re  thrown  off 
in  the  process  of  respiration.  It  is  known,  however,  that  thes^ 
other  impurities  exist  in  fixed  proportion  to  the  amount  of  carbonic 
acid  present  in  an  atmosphere  vitiated  by  respiration.  Therefore, 
as  the  relative  proportion  of  carbonic  acid  may  be  easily  deter- 
mined by  experiment,  the  fixing  of  a  standard  limit  of  the  amount 


Fig.  21. 

in  which  it  may  be  allowed,  also  limits    the    amounts  of  other 
impurities  which  are  found  in  combination  with  it. 

When  carbonic  acid  is  present  in  excess  of  10  parts  in  10,000 


Fig.  22. 


parts  of  air,  a  feeling  of  weariness  and  stuffiness,  generally  accom- 
panied by  a  headache,  will  be  experienced ;  while  with  even  8 
parts  in  10,000  parts  a  room  would  be  considered  close.  For 
general  considerations  of  ventilation  the  limit  should  be  placed  at 
6  to  7  parts  in  10,000  thus  allowing  au  increase  of  2  to  3  parts 
ovei  that  present  in  outdoor  air  which  may  be  considered  to 
contain  four  parts  in  10,000  under  ordinary  conditions. 

Analysis  of  Air.     The  amount  of  carbonic  acid  present  in 
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the  air  may  be  readily  determined,  with  sufficient  accuracy  for 
practical  purposes,  in  the  following  manner : 

Six  clean,  dry  and  tightly  corked  bottles,  containing  respec- 
tively 100,  200,  250,  300,  350  and  400  cubic  centimeters,  a  glass 
tube  containing  exactly  15  cubic  centimeters  to  a  given  mark,  and 
a  bottle  of  perfectly  clear,  fresh  lime-water  make  up  the  apparatus 
required.  The  bottles  should  be  filled  with  the  air  to  be  exam- 
ined by  means  of  a  hand-ball  syringe.  Add  to  the  smallest  bottlo 
15  cubic  centimeters  of  the  lime-water,  put  in  the  cork  and  shake 
well.  If  the  lime-water  has  a  milky  appearance  the -amount  of 
carbonic  acid  will  be  at  least  16  parts  in  10,000.  If  the  contents 
of  the  bottle  remains  clear,  treat  the 
bottle  of  200  cubic  centimeters  in 
the  same  manner;  a  milky  appear- 
ance or  turbidity  in  this  would  indi- 
cate 12  parts  in  10,000.  In  a  similar 
manner,  turbidity  in  the  250  cubic 
centimeter  bottle  indicates  10  parts 
in  10,000  ;  in  the  300,  8  parts ;  in 
the  350,  7  parts  and  in  the  400, 

less  than  6  parts.  'The  ability  to  conduct  more  accurate  analyses 
can  only  be  attained  by  special  study  and  a  knowledge  of  chem- 
ical properties  and  methods  of  investigation. 

Air  Required  for  Ventilation.  The  amount  of  air  required 
to  maintain  the  standard  of  purity  can  be  very  easily  determined 
provided  we  know  the  amount  of  carbonic  acid  given  off  in  the 
process  of  respiration.  It  has  been  found  by  experiment  that  the 
average  production  of  carbonic  acid  by  an  adult  at  rest  is  about 
.6  cubic  feet  per  hour.  If  we  assume  the  proportion  of  this  gas 
as  4  parts  in  10,000  in  the  external  air,  and  are  to  allow  6  parts 
in  10,000  in  an  occupied  room,  the  gain  will  be  2  parts  in  10,000, 
or  in  other  words  there  will  be  yg-,f  o^  =  .0002  cubic  feet  of  car- 
bonic acid  mixed  with  each  cubic  foot  of  fresh  air  entering  the 
room. 

Therefore,  if  one  person  gives  off  .6  cubic  feet  of  carbonic 
acid  per  hour  it  will  require  .6  ~  .0002  =  3000  cubic  feet  of  air 
per  person  to  keep  the  air  in  the  room  at  the  standard  of  purity 
assumed,  that  is,  6  parts  of  carbonic  acid  in  10,000  of  air. 
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The  following  table  has  been  computed  in  this  manner  and 
shows  the  amount  of  air  which  must  be  introduced  for  each  person 
in  order  to  maintain  various  standards  of  purity : 

TABLE  I. 


STANDARD  PARTS   OF 
CARBONIC)  ACID  IN 
10,000  OF  AIR  IN 
ROOM. 

CUBIC  FEET  OF  AIR  REQUIRED  PER  PERSON. 

PER  MINUTE. 

PER  HOUR. 

5 

6 

133 

67 

8,000 

4,000 

7 

44 

2,667 

8 

33 

2,000 

9 
10 

27 
22 

1,600 
1,333 

11 

19 

1,151 

12 

17 

1,000 

While  this  table  gives  the  theoretical  quantities  of  air 
required  for  different  standards  of  purity,  and  may  be  used  as  a 
guide,  it  will  be  better  in  actual  practice  to  use  quantities  which 
experience  has  shown  to  give  good  results  in  different  types  of 
buildings.  Authorities  differ  somewhat  in  their  recommendations 
on  this  point  and  the  present  tendency  is  toward  an  increase  of 
air. 

The  following  table  represents  good  modern  practice  and  may 
be  used  with  satisfactory  results  : 

TABLE  II. 


AIR  SUPPLY  PER  OCCUPANT  FOR 

CUBIC  FEET 
PER  MINUTE. 

CUBIC  FEET 
PER  HOUR. 

Hospitals 
High  Schools 
Grammar  Schools 

50  to  80 
50 
40 

3,000  to  4,800 
3,00) 
2,400 

Theatres  and  Assembly  Halls 
Churches 

25 

20 

1,500 
1,200 

Force  for  Moving  Air.     Air  is  moved  for  ventilating   pur- 
poses in  two  ways ;  first,  by  expansion  due  to  heating ;  and  second 
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by  mechanical  means.  The  effect  of  heat  on  the  air  is  to  increase 
its  volume  and  therefore  lessen  its  density  or  weight,  so  that  it 
tends  to  rise  and  is  replaced  by  the  colder  air  below.  The  avail- 
able force  for  moving  air  obtained  in  this  way  is  very  small  and  is 
quite  likely  to  be  overcome  by  wind  or  external  causes.  It  will  be 
found  in  general  that  the  heat  used  for  producing  velocity  in  this 
manner,  when  transformed  into  work  in  the  steam  engine,  is 
greatly  in  excess  of  that  required  to  produce  the  same  effect  by 
the  use  of  a  fan.  Ventilation  by  mechanical  means  is  performed 
either  by  pressure  or  suction.  The  former  is  used  for  delivering 
fresh  air  into  a  building  and  the 
latter  for  removing  the  foul  air 
from  it.  By  both  processes  the 
air  is  moved  without  change  in 
temperature,  and  the  force  for 
moving  must  be  sufficient  to 
overcome  the  effects  of  wind 
or  changes  in  outside  tempera- 
ture. Some  form  of  fan  is  used 
for  this  purpose. 

Measurements  of  Velocity.  Fig.  24. 

The  velocity  of  air  in  venti- 
lating ducts  and  flues  is  measured  directly  by  an  instrument  called 
an  anemometer.  A  common  form  of  this  instrument  is  shown  in 
Fig.  24.  It  consists  of  a  series  of  flat  vanes  attached  to  an  axis, 
and  a  series  of  dials.  The  revolution  of  the  axis  causes  motion 
of  the  hands  in  proportion  to  the  velocity  of  the  air,  and  the 
result  can  be  read  directly  from  the  dials  for  any  given  period. 

AIR   DISTRIBUTION. 

The  location  of  the  air  inlet  to  a  room  depends  upon  the  size 
of  the  room  and  the  purpose  for  which  it  is  used.  In  the  case  of 
living  rooms  in  dwelling  houses,  the  registers  are  placed  either  in 
the  floor  or  in  the  wall  near  the  floor ;  this  brings  the  warm  air  in 
at  the  coldest  part  of  the  room  and  gives  an  opportunity  for  warm- 
ing or  drying  the  feet  if  desired.  In  the  case  of  school  rooms 
where  large  volumes  of  warm  air  at  moderate  temperatures  are 
/equired,  it  is  best  to  discharge  it  through  openings  in  the  wall  at 
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a  height  of  7  or  8  feet  from  the  floor ;  this  gives  a  more  even  dis- 
tribution as  the  warmer  air  tends  to  rise  and  hence  spreads  uni- 
formly under  the  ceiling  ;  it  then  gradually  displaces  other  air  and 
the  room  becomes  filled  with  pure  air  without  sensible  currents  or 
drafts.  The  cooler  air  sinks  to  the  bottom  of  the  room  and  can 
be  taken  off  through  ventilating  registers  placed  near  the  floor. 
The  relative  positions  of  the  inlet  and  outlet  are  often  governed 
to  some  extent  by  the  building  construction,  but  if  possible  they 
should  both  be  located  in  the  same  side  of  the  room.  Figs.  25, 
20  and  27  show  common  arrangements. 


OLTi'SiOE   WALL 
Fig.  25. 


1 

I 

OUTSIDE  W4LL 

Fig.  26. 

OUTSIDE  WALL 
Fig.   27. 


The  vent  outlet  should  always  if  possible  be  placed  in  an 
inside  wall  else  it  will  become  chilled  and  the  air-flow  through  it 
will  become  sluggish.  In  theatres  or  halls  which  are  closely 
packed,  the  air  should  enter  at,  or  near,  the  floor  in  finely-divided 
streams,  and  the  discharge  ventilation  should  be  through  openings 
in  the  ceiling.  The  reason  for  this  is  the  large  amount  of  animal 
heat  given  off  from  the  bodies  of  the  audience,  which  causes  the 
air  to  become  still  further  heated  after  entering  the  room,  and  the 
tendency  is  to  rise  continuously  from  floor  to  ceiling  thus  carrying 
away  all  impurities  from  respiration  as  fast  as  they  are  given  off. 

The  matter  of  air  velocities,  size  of  flues,  etc.,  will  be  taken 
up  under  the  head  of  design. 

HEAT  LOSS  FROM  BUILDINGS. 

A  British  Thermal  Unit,  or  B.  T.  U.,  has  been  denned  as  the 
amount  of  heat  required  to  raise  the  temperature  of  one  pound  of 
water  one  degree  F.  This  measure  of  heat  enters  into  many  of 
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the  calculations  involved  in  the  solving  of  problems  in  heating 
and  ventilation,  and  one  should  familiarize  himself  with  the  exact 
meaning  of  the  term. 

Causes  of  Heat  Loss.  The  heat  loss  from  a  building  is  due 
to  the  following  causes ;  first,  radiation  and  conduction  of  heat 
through  walls  and  windows  ;  second,  leakage  of  warm  air  around 
doors  and  windows  and  through  the  walls  themselves ;  and  third, 
heat  required  to  warm  the  air  for  venti^Ttion. 

Loss  Through  Walls  and  Windows.  The  loss  of  heat 
through  the  walls  of  a  building  depends  upon  the  material  used, 
the  thickness,  the  number  of  layers  and  the  •  difference  between 
the  inside  and  outside  temperatures.  The  exact  amount  of  heat 
lost  in  this  way  is  very  difficult  to  determine  theoretically,  hence 
we  depend  principally  on  the  results  of  experiments. 

Loss  by  Air  Leakage.  The  leakage  of  air  from  a  room  varies 
from  one  tc  two  or  more  changes  of  the  entire  contents  per  hour, 
depending  upon  the  construction,  opening  of  doors,  etc.  It  is 
common  practice  to  allow  for  one  change  per  hour  in  well-con- 
structed buildings  where  two  walls  of  the  room  have  an  outside 
exposure.  As  the  amount  of  leakage  depends  upon  the  extent  of 
exposed  wall  and  window  surface  it  seerm  best  to  allow  for  this 
loss  by  increasing  that  due  to  conduction  and  radiation.  The 
following  table  gives  the  heat  losses  through  different  thickness  of 
walls,  doors,  windows,  etc.,  in  B.  T.  U.,  per  square  foot  of 
surface  per  hour  for  varying  differences  in  inside  and  outside 
temperatures. 

Authorities  differ  considerably  in  the  factors  given  for  heat 
losses,  and  there  are  various  methods  for  computing  the  same. 
The  following  figures  and  methods  have  been  used  extensively  in 
actual  practice  and  have  been  found  to  give  good  results  when 
used  with  judgment. 
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TABLE  III. 


Difference  between  inside  and  outside  temperatures. 


10° 

20° 

30° 

40° 

50° 

60° 

70° 

80° 

90° 

100° 

8"  Brick  Wall 

5 

9 

13 

18 

22 

27 

31 

36 

40 

45 

12"  Brick  Wall 

4 

7 

10 

13 

16 

20 

23 

26' 

30 

35 

16"  Brick  Wall 

3 

5 

8 

10 

13 

16 

19 

22 

24 

27 

20"  Brick  Wall 

2.8 

4.5 

7 

9 

11 

14 

16 

18 

20 

23 

24"  Brick  Wall 

2.5 

4 

6 

8 

10 

12 

14 

16 

18 

20 

28"  Brick  Wall 

2 

3.5 

4.5 

7 

9 

11 

13 

14 

16 

•18 

32"  Brick  Wall 

1.5 

3 

5 

6 

8 

10 

11 

13 

15 

16 

Single  Window 

12 

24 

36 

49 

60 

73 

85 

93 

105 

Double  Window 

8 

16 

24 

32 

40 

48 

56 

62 

70 

Single  Skylight 

11 

21 

31 

42 

52 

63 

73 

84 

94 

Double  Skylight 

7 

14 

20 

28 

35 

42 

48 

56 

62 

1"  Wooden  Door 

4 

8 

12 

16 

20 

24 

28 

32 

36 

40 

2"  Wooden  Door 

3 

5 

8 

11 

14 

17 

20 

23 

25 

28 

Concrete  Floor  on  Brick  Arch 

2 

4 

6.5 

9 

11 

13 

15 

18 

20 

22 

Wood  Floor  on  Brick  Arch 

1.5 

3 

4.5 

6 

7 

9 

10 

12 

IS 

15 

Double  Wood  Floor 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

Walls  of  Ordinary 

Wooden  Dwellings 

3 

5 

8 

10 

13 

16 

19 

22 

24 

27 

For  solid  stone  walls  multiply  the  figures  for  brick  of  the  same 
thickness  by  1.7.  Where  rooms  have  a  cold  attic  above  or  cellar 
beneath,  multiply  the  heat  loss  through  walls  and  windows  by  1.1. 
The  figures  given  in  table  III.  are  for  a  southern  exposure ;  for 
other  exposures  multiply  the  heat  loss  given  in  table  III.  by  the 
factors  given  in  table  IV. 

TABLE  IV. 


EXPOSURE. 


FACTOR. 


N. 

1.32 

E. 

1.12 

S. 

1.0 

w. 

1.20 

N.  E. 

1.22 

N.W. 

1.26 

S.  E. 

1.06 

S.  W. 

1.10 

N. 

E.  S.  W.  or  total  exposure. 

1.16 

In  order  to  make  the  use  of  the  table  clear  we  will  give  a 
number  of  examples  illustrating  its  use. 

Assuming  an  inside  temperature  of  70°,  what  will  be  the 
heat  loss  from  a  room  having  an  exposed  wall  surface  of  200  square 
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feet  and  a  glass  surface  of  50  square  feet,  when  the  outside  tem- 
perature is  zero.  The  wall  is  of  brick,  16  inches  in  thickness  and 
has  a  southern  exposure;  the  windows  are  single. 

We  find  from  table  III.  that  the  factor  for  a  16"  brick  wall 
with  a  difference  in  temperature  of  70°  is  19,  and  that  for  glass 
(single  window)  under  the  same  condition  is  85  ;  therefore 
Loss  through  walls        =  200  X  19  —  3800 
Loss  through  windows  =  50     X  85  =.  4250 


Total  loss  per  hour  =  8050  B.  T.  U. 

In  computing  the  heat  loss  through  walls,  only  those  exposed 
to  the  outside  air  are  considered. 

A  room  15  ft.  square  and  10  ft.  high  has  two  exposed  walls; 
one  toward  the  north  and  the  other  toward  the  east.  There  are 
4  windows,  each  3'  X  6'  in  size  The  two  in  the  north  wall  are. 
double  while  the  other  two  are  single.  The  walls  are  of  brick,  20 
inches  in  thickness;  with  an  inside  temperature  of  70°  what  will 
be  the  heat  loss  per  hour  when  it  is  10°  below  zero. 

Total  surface       =  15  X  10  X  2  =  300 

Glass  surface       =    3X    6x4=    72 

Net  wall  surface  =  228 

Difference  between  inside  and  outside  temperature  80°. 

Factor  for  20"  brick  wall  is  18. 

Factor  for  single  window  is  93. 

Factor  for  double  window  is  62. 

The  heat  losses  are  as  follows : 

Wall,  228  X  18  ==  4104 

Single  windows,    36  X  93  =  3348 

Double  windows,  36  X  62  =  2232 


9684  B.  T.  U. 

As  one  side  is  toward  the  north  and  the  other  toward  the  wesj 
the  actual  exposure  is  N.  W.  Looking  in  table  IV.  we  find  the 
correction  factor  for  this  exposure  to  be  1.26  ;  therefore  the  total 
heat  loss  is 

9684  X  1.26  =  12,201.84  B.  T,  U. 
A  dwelling  house  of  wooden  construction  measures  160  ft. 
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around  the  outside ;  it  has  2  stories,  each   8  ft  in  height ;  the 

windows   are    single    and   the   glass    surface    amounts    to   -  the 

5 

total   exposure ;  the    attic   and    cellar   are    un warmed.     If  8000 
B.  T.  U.  are  utilized  from  each  pound  of  coal  burned  in   the  fur- 
nace, how  many  pounds  will  be  required  per  hour  to  maintain  a 
temperature  of  70°  when  it  is  20°  above  zero  outside. 
Total  exposure  =    160  X  16  —  2560 
Glass  surface     =  2560  +    5=    512 


Net  wall  =  2048 

Temperature  difference  =70  —  20  =  50° 
Wall         2048  X  13      =  26624 
Glass          512  X  60      =  30720 

57344  B.T.  U. 

As  the  building  is  exposed  on  all  sides  the  factor  for  exposure 
will  be  the  average  of  those  for  N.  E.  S.  and  W.  or 
(1.32  +  1.12  +  1.0  +  1.20)4-  4  =  1.16 

The  house  has  a  cold  cellar  and  attic  so  we  must  increase  the 
heat  loss  1 0  %  for  each  or  20  %  for  both.  Making  these  correc- 
tions we  shall  have 

57344  X  1.16  X  1.20  =  79822  B.  T.  U. 

One  pound  of  coal  furnishes  8000  B.  T.  U.  then  79822  4- 
8000  =  9.97  ;  or  about  10  pounds  of  coal  per  hour  will  be  required 
to  warm  the  building  to  70°  under  the  conditions  stated. 

Approximate  Method.  For  dwelling  houses  of  usual  con- 
struction the  following  simple  method  may  be  used.  Multiply 
the  total  exposed  surface  by  38,  which  will  give  the  heat  loss  in 
B.  T.  U.  per  hour  for  an  inside  temperature  of  70°  in  zero  weather. 

This  factor  is  obtained  in  the  following  manner.     Assume 

the  glass  surface  to  be   -  the  total  exposure,  which  is  an  average 

6 
proportion. 

Then  each  square  foot  of  exposed  surface  consists  of  _  glass 

and  _  wall  and  the  heat  loss  for  70°  difference  iu  temperature 
would  be  as  follows : 
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Wall    -  X  19  =  15.8 

Glass    \  X  85  =  1±J 

Increasing  this  by  16%  for  total  exposure  and  10%  for  loss 
through  ceilings  we  have  29.9  X  1.16  X  1.10  =  38.1.  The  loss 
through  floors  is  considered  as  being  offset  by  including  the 
kitchen  walls  of  a  dwelling  house,  which  are  warmed  by  the 
range  and  would  not  otherwise  be  included  if  computing  the  size 
of  a  furnace  or  boiler  for  heating. 

If  the  heat  loss  is  required  for  outside'  temperatures  other 
than  zero,  corrections  must  be  made  as  follows :  Multiply  by  50 
for  20°  below  zero,  by  44  for  10°  below,  by  33  for  10°  above. 

This  method  is  convenient  for  approximations  in  the  case  of 
dwelling  houses  but  the  more  exact  method  should  be  used  for 
other  types  of  buildings,  and  in  all  cases  for  computing  the  heat- 
ing surface  for  separate  rooms.  When  calculating  the  heat  loss 
from  isolated  rooms,  the  cold  inside  walls  as  well  as  the  outside 
must  be  considered. 

The  loss  through  a  wall  next  to  a  cold  attic  or  other  un- 
warmed  space  may  in  general  be  taken  as  about  two-thirds  that  of 
an  outside  wall. 

Heat  Loss  by  Ventilation.  One  B.  T.  U.  will  raise  the 
temperature  of  1  cubic  foot  of  air  55  degrees  at  average  temper- 
atures and  pressures  or  will  raise  55  cubic  feet  1  degree,  ro  that 
the  heat  required  for  the  ventilation  of  any  room  may  be  found 
by  the  following  formula: 

cu.  ft.  of  air  per  hour  X  number  of  degrees  rise  ^  B  T   ^  required. 

55 

To  compute  the  heat  loss  for  any  given  room  which  is  to  be 
ventilated,  first  find  the  loss  through  walls  and  windows,  and 
correct  for  exposure,  then  compute  the  amount  required  for 
ventilation  as  above  and  take  the  sum  of  the  two.  An  inside 
temperature  of  70°  is  always  assumed  unless  otherwise  stated. 

Example  —  What  quantity  of  heat  will  be  required  to  warm 
100,000  cubic  feet  of  air  to  70°  for  ventilating  purposes  when  the 
outside  temperature  is  10  below  zero? 

100,000  X  80  -r  55  =  145,454  B.  T.  U.     Ans. 
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How  many  B.  T.  U.  will  be  required  per  hour  for  the  venti- 
lation of  a  church  seating  500  people,  in  zero  weather? 

Referring  to  table  II.  we  find  that  the  total  air  required  per 
hour  is  1200  X  500  =  600,000  cu.  ft. ;  therefore  600,000  X  TO  -f- 
55  =  763,636  B.  T.  U. 

Example.— A  corner  room  in  a  grammar  school  28'  X  32' 
and  12'  high  is  to  accommodate  50  pupils.  The  walls  are  of  brick 
-16"  in  thickness  and  there  are  6  single  windows  in  the  room,  each 
3'  X  6' ;  there  are  warm  rooms  above  and  below  ;  the  exposure  is 
S.  E.  How  many  B.  T.  U.  will  be  required  per  hour  for  warm- 
ing the  room  and  how  many  for  ventilation,  in  zero  weather? 
The  total  window  surface  is 

6  X  3  X  6  —  108  square  feet. 
'    The  exposed  surface  of  the  room  is 

32  X  12  -f  28  X  12  =  720  square  feet. 
The  exposed  wall  surface  is 

720  —  108  =  612  square  feet. 
Heat  loss  through  windows  =  108  X  85  =    9180 
Heat  loss  through  walls         =  612  X  19  =  11628 

Total  heat  loss  =20808 

Total  corrected  for  S.  E.  exposure 

=  20808  X  1.06  =  22,056.         Ans. 
Air  supply  required  per  hour 

=  2400  X  50  =  120,000  cubic  feet. 
B.  T.  U.  required  for  ventilation 

=  120,000  X  TO 
55 

FURNACE   HEATING. 

Types  of  Furnaces.  Furnaces  may  be  divided  into  two 
general  types  known  as  direct  and  indirect  draft.  Fig.  28  shows 
a  common  form  of  direct  draft  furnace  with  a  brick  setting ;  the 
better  class  have  a  radiator,  generally  placed  at  the  top,  through 
which  the  gases  pass  before  reaching  the  smoke  pipe.  They  have 
but  one  damper  usually  combined  with  a  cold-air  check.  Many 
of  the  cheaper  direct  draft  furnaces  have  no  radiator  at  all ;  the 
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gases  passing  directly  into  the  smoke  pipe  and  carrying  away  much 
heat  that  shoulcj,  be  utilized. 

The  furnace  shown  in  Fig.  28  is  made  of  cast  iron  and  has 
a  large  radiator  at  the  top  ;  the  smoke  connection  is  showa  at  the 
rear. 

Fig.  29  represents  another  form  of  direct  draft  furnace.  In 
this  case  the  radiator  is  made  of  sheet  steel  plates  riveted  together, 


Fig.  28. 

and  the  outer  casing  is  of  heavy  galvanized  iron  instead  of  brick. 
In  the  ordinary  indirect  draft  type  of  furnace  (see  Fig.  30) 
the  gases  pass  downward  through  flues  to  a  radiator  located  near 
the  base,  thence  upward,  through  another  flue  to  the  smoke  pipe. 
In  addition  to  the  damper  in  the  smoke  pipe,  a  direct  draft  damper 
is  required  to  give  direct  connection  with  the  funnel  when  coal  is 
first  put  on,  to  facilitate  the  escape  of  gas  to  the  chimney.  When 
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the  chimney  draft  is  weak,  trouble  from  gas  is  more  likely  to  be 
experienced  with  furnaces  of  this  type  than  with  those  having  a 
direct  draft. 

Grates.  No  part  of  a  furnace  is  of  more  importance  than  the 
grates.  The  plain  grate  rotating  about  a  center  pin  was  for  a  long 
time  th/"  <Mie  most  commonly  used.  These  grates  were  usually 


Fig.  29. 

provided  with  a  clinker  door  for  removing  any  refuse  too  large  to 
pass  between  the  grate  bars.  The  action  of  such  grates  tends  to 
leave  a  cone  of  ashes  in  the  center  of  the  fire  causing  it  to  burn 
more  freely  around  the  edges.  A  better  form  of  grate  is  the 
revolving  triangular  patter.i  which  is  now  used  in  many  of  the  lead- 
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ing  furnaces.  It  consists  of  a  series  of  triangular  bars  having 
teeth.  The  bars  are  connected  by  gears  and  are  turned  by  means 
'of  a  detachable  lever.  If  properly  used  this  grate  will  cut  a  slice 
of  ashes  and  clinkers  from  under  the  entire  fire  with  little,  if  any 
loss  of  unconsumed  coal. 

The  Fire  Pot.     Fire  pots  are  generally  made  of  cast  iron  or 
of  steel  plate  lined  with  fire  brick.     The  depth  ranges  from  about 


12  to  18  inches.  In  cast  iron  furnaces  of  the  better  class  the  fire 
pot  is  made  very  heavy  to  insure  durability  and  to  render  it  less 
likely  to  become  red  hot.  The  fire  pot  is  sometimes  made  in  two 
pieces  to  reduce  the  liability  of  cracking.  The  heating  surface 
is  sometimes  increased  by  corrugations,  pins  or  ribs. 

A  fire  brick  lining  is  necessary  in  a  wrought  iron  or  steel 
furnace  to  protect  the  thin  shell  from  the  intense  heat  of  the  fire. 
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Since  brick  lined  fire  pots  are  much  less  effective  than  cast  iron 
in  transmitting  heat,  such  furnaces  depend  to  a  great  extent  for 
their  efficiency  on  the  heating  surface  in  the  dome  and  radiator, 
and  this  as  a  rule  is  much  greater  than  in  those  of  cast  iron. 

Cast  iron  furnaces  have  the  advantage  when  coal  is  first  put 
on,  (and  the  drop  flues  and  radiator  are  cut  out  by  the  direct 
damper)  of  still  giving  off  heat  from  the  fire  pot,  while  in  the  case 
of  brick  linings  very  little  heat  is  given  off  in  this  way  and  the 
rooms  are  likely  to  become  somewhat  cooled  before  the  fresh  coal 
becomes  thoroughly  ignited. 

Combustion  Chamber.  The  body  of  the  furnace  above  the 
fire  pot,  commonly  called  the  dome  or  feed  section,  provides 
a  combustion  chamber.  This  chamber  should  be  of  sufficient 
size  to  permit  the  gases  to  become  thoroughly  mixed  with  the  air 
passing  up  through  the  fire  or  entering  through  openings  provided 
for  the  purpose  in  the  feed  door.  In  a  well-designed  furnace  this 
space  should  be  somewhat  larger  than  the  fire  pot. 

Radiator.  The  radiator,  so  called,  with  which  all  furnaces 
of  the  better  class  are  provided,  acts  as  a  sort  of  reservoir  in 
which  the  gases  are  kept  in  contact  with  the  air  passing  over  the 
furnace  until  they  have  parted  with  a  considerable  portion  of 
their  heat.  Radiators  are  built  of  cast  iron,  of  steel  plate  or  of 
a  combination  of  the  two.  The  former  is  more  durable  and  can 
be  made  with  fewer  joints,  but  owing  to  the  difficulty  of  casting 
radiators  of  large  size,  steel  plate  is  commonly  used  for  the  sides. 

The  effectiveness  of  a  radiator  depends  on  its  form,  its  heat- 
ing surface  and  the  difference  between  the  temperature  of  the 
gases  and  the  surrounding  air.  Owing  to  the  accumulation  of 
soot,  the  bottom  surface  becomes  practixjally  worthless  after  the 
furnace  has  been  in  use  a  short  time  ;  surfaces  to  be  effective 
must  therefore  be  self-cleaning. 

If  the  radiator  is  placed  near  the  bottom  of  the  furnace  the 
gases  are  surrounded  by  air  at  the  lowest  temperature,  which 
renders  the  radiator  more  effective  for  a  given  size  than  if  placed 
near  the  top  and  surrounded  by  warm  air.  On  the  other  hand, 
the  cold  air  has  a  tendency  to  condense  the  gases,  and  the  acids 
thus  formed  are  likely  to  corrode  the  iron. 

Heating  Surface.     The  different   heating  surfaces  may  be 
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described  as  follows  :  Fire  pot  surface ;  surfaces  acted  upon  by 
direct  rays  of  heat  from  the  fire,  such  as  the  dome  or  combustion 
chamber;  gas  or  smoke  heated  surfaces,  such  as  flues  or  radiators 
and  extended  surfaces,  such  as  pins  or  ribs.  Surfaces  unlike  in 
character,  and  location,  vary  greatly  in  heating  power,  so  that  in 
making  comparisons  of  different  furnaces  we  must  know  the  kind, 
form  and  location  of  the  heating  surfaces  as  well  as  the  area. 

In  some  furnaces  having  an  unusually  large  amount  of  sur- 
face, it  will  be  found  on  inspection  that  a  large  part  would  soon 
become  practically  useless  from  the  accumulation  of  soot.  In 
others  a  large  portion  of  the  surface  is  lined  with  fire  brick,  or  is 
so  situated  that  the  air  currents  are  not  likely  to  strike  it. 

The  ratio  of  grate  to  heating  surface  varies  somewhat  accord- 
ing to  the  size  of  furnace.  It  may  be  taken  as  varying  from  1  to 
25  in  the  smaller  sizes  and  1  to  15 .  in  the  larger. 

Efficiency.  One  of  the  first  items  to  be  determined  in  esti- 
mating the  heating  capacity  of  a  furnace  is  its  efficiency,  that  is,  the 
proportion  of  the  heat  in  the  coal  that  may  be  utilized  for  warming. 
The  efficiency  depends  chiefly  on  the  area  of  the  heating  surface 
as  compared  with  the  grate,  on  its  character  and  arrangement,  and 
on  the  rate  of  combustion.  The  usual  proportions  between  grate 
and  heating  surface  have  been  stated.  .  The  rate  of  combustion 
required  to  maintain  a  temperature  of  70°  in  the  house  depends 
of  course  on  the  outside  temperature.  In  very  cold  weather  a 
rate  of  4  to  5  pounds  of  coal  per  square  .foot  of  grate  per  hour 
must  be  maintained. 

One  pound  of  good  anthracite  coal  will  give  off  about  13000 
B.  T.  U.  and  a  good  furnace  should  utilize  70  per  rDent.  of  this  heat. 
The  efficiency  of  an  ordinary  furnace  is  often  much  less,  some- 
times as  low  as  50  per  cent. 

In  estimating  the  required  size  of  a  first-class  furnace  with 
good  chimney  draft  we  may  safely  count  upon  a  maximum  com- 
bustion of  5  pounds  of  coal  per  square  foot  of  grate  per  hour,  and 
may  assume  that  8000  B.  T.  U.  will  be  utilized  for  warming  pur- 
poses from  each  pound  burned.  This  quantity  corresponds  to  an 
efficiency  of  60  per  cent. 

Heating  Capacity.  Having  determined  the  heat  loss  from  a 
building  by  the  methods  given,  it  is  a  simple  matter  to  compute 
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the  size  of  grate  necessary  to  burn  a  sufficient  quantity  of  coal 
to  furnish  the  amount  of  heat  required  for  warming. 

As  a  matter  of  illustration  we  may  consider  the  heat  delivered 
to  the  rooms  as  made  up  of  two  parts ;  first,  that  required  to  warm 
the  outside  air  up  to  70°  (the  temperature  of  the  rooms)  and 
second,  the  quantity  which  must  be  added  to  this  to  offset  the  loss 
through  walls  and  windows.  Air  is  usually  delivered  at  the 
registers  at  about  140  degrees  under  zero  conditions  outside  ;  this 
air  leaves  the  rooms  by  leakage  at  a  temperature  of  70  degrees,  (the 
normal  inside  temperature)  having  lost  one-half  its  heat  by  con- 
duction, radiation,  etc.,  so  that  the  heat  given  to  the  entering  air 
must  be  twice  that  which  we  have  computed  for  loss  through 
walls,  etc. 

Example.  —  The  loss  through  the  walls  and  windows  of  a 
building  is  found  to  be  80000  B.  T.  U.  per  hour  in  zero  weather, 
what  will  be  the  size  of  furnace  required  to  maintain  an  inside 
temperature  of  70  degrees? 

From  the  above  we  bava  the  total  heat  required,  equal  to 
80000  X  2  =  160000  B.  T.  U.  per  hour.  If  we  assume  that  8000 
B.  T.  U.  are  utilized  per  pound  of  coal,  then  160000  -4-8000  =  20 
pounds  of  coal  required  per  hour,  and  if  5  pounds  can  be  burned 
on  each  square  foot  of  grate  per  hour,  then  2^°  —  4  square  feet 
required.  A  fire  pot  28  inches  in  diameter  has  an  area  of  4.27 
square  feet  and  is  the  size  we  should  use. 

The  following  table  will  be  found  useful  in  determining  the 
diameter  of  fire  pot  required : 

TABLE  V. 


AVERAGE  DIAMETER  OF  FIRE  POT 
IN  INCHES. 

AREA  IN  SQUARE  FEET. 

18 

1.77 

20 

'  2.18 

22 

2.64 

24 

3.14 

26 

3.69 

28 

4.27 

30 

4.91 

32 

5.58 
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If  the  outside  temperature  is  below  zero  the  method  of  com- 
putation becomes  slightly  different.  We  have  seen  that  in  zero 
weather  a  certain  quantity  of  heat  is  required  to  raise  the  temper- 
ature of  the  entering  air  from  zero  to  70°,  the  temperature  of  the 
room,  and  that  a  second  quantity  must  then  be  added  to  raise  the 
temperature  of  the  air  to  140  °,  which  is  the  usual  temperature 
of  delivery  at  the  registers.  This  last  quantity  is  to  offset  that 
lost  by  radiation  and  conduction,  and  must  equal  the  heat  loss 
from  the  building  as  computed  by  the  factors  given  in  tables  III. 
and  IV.  The  air  has  been  raised  through  140  degrees  and  -f^ 
of  the  heat  supplied  has  been  used  to  raise  it  ,to  the  temperature 
of  the  room  and  has  been  lost  by  leakage ;  while  the  remaining 
j-7^,  an  equal  amount,  has  been  given  up  by  radiation  and  con- 
duction. In  this  case  we  have  only  to  compute  the  heat  loss  for 
radiation  and  conduction  by  the  rules  given  and  multiply  this 
result  by  2  to  obtain  the  total  amount  of  heat  to  be  supplied  by 
the  furnace. 

Now  take  a  case  where  it  is  10  degrees  below  zero.  If  the  air 
is  delivered  to  the  rooms  at  140  degrees  as  before,  it  must  be 
warmed  through  150  degrees.  Of  the  heat  supplied  y8^  has  been 
used  to  raise  the  temperature  of  the  outside  air  to  that  of  the 
room,  and  only  -^^  for  loss  by  radiation  and  conduction.  As  in 
the  preceding  example,  this  latter  quantity  must  equal  the  com- 
puted heat  loss  through  walls  and  windows  ;  and  as  it  is  only 
1%  or  .466  of  the  total  amount  of  heat  required  we  must  mul- 
tiply it  by  1  4-  .466  —  2.14  instead  of  by  2  as  in  the  first  case 
Tvhere  the  outside  temperature  is  zero. 

In  the  same  manner  multiply  by  2.28  for  20  degrees  below 
zeco  and  by  2.42  for  30  degrees. 


Example. —  A  brick  house  is  20  feet  wide,  and  has  4 
stories,  each  being  10  feet  in  height.  The  house  is  one  of  a  block 
and  is  exposed  only  at  the  front  and  rear.  The  walls  are  16 
inches  thick  and  the  block  is  so  sheltered  that  no  correction  need 
be  made  for  exposure.  Single  windows  make  up  £  the  total 
exposed  surface.  Figure  for  cold  attic  but  warm  basement. 
What  area  of  grate  surface  will  be  required  for  a  furnace  to  keep 
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the  house  at  70°  when  it  is  10°  below  zero  outside  ? 

Exposed  surface  =  2  X  20  X  40  =  1600  sq.  ft. 

Loss  through  windows  =  200  X  93  =  18,600  B.  T.  U 

Loss  through  walls  =  1400  X  22  =  30,800 

Loss  through  walls  and  windows  =  49,400 

Entire  heat  loss,  allowing  for  attic 

=  49,400  X  1.1  =  54,340  B.  T.  U. 

B.  T.  U.  required  =  54,340  X  2.14  =  116,288 
116,288__  2  90       f      f  A 

5  X  8000 

Location  of  Furnace.  A  furnace  should  be  so  placed  that 
the  warm-air  pipes  will  be  of  nearly  the  same  length.  The  air 
travels  most  readily  through  pipes  leading  toward  the  sheltered 
side  of  the  house  and  to  the  upper  rooms.  Therefore  pipes 
leading  toward  the  north  or  west  or  to  rooms  on  the  first  floor 
should  be  favored  in  regard  to  length  and  size.  The  furnace 
should  be  placed  somewhat  to  the  north  or  west  of  the  center  of 
the  house  or  toward  the  points  of  compass  from  which  the  pre- 
vailing winds  blow.  • " 

Smoke  Pipes.  Furnace  smoke  pipes  range  in  size  from 
about  6  inches  in  the  smaller  sizes  to  8  or  9  inches  in  the  larger 
ones.  They  are  generally  made  of  galvanized  iron  of  No.  24 
gauge  or  heavier.  The  pipe  should  be  carried  to  the  chimney  as 
directly  as  possible,  avoiding  bends  which  increase  the  resistance 
and  diminish  the  draft.  Where  a  smoke  pipe  passes  through  a 
partition  it  should  be  protected  by  a  soapstone  or  double  perfor- 
ated metal  collar  having  a  diameter  at  least  8  inches  greater  than 
that  of  the  pipe.  The  top  of  the  smoke  pipe  should  not  be  placed 
within  8  inches  of  unprotected" beams  nor  less  than  6  inches  under 
beams  protected  by  asbestos  or  plaster  with  a  metal  shield  beneath. 
A  collar  to  make  tight  connection  with  the  chimney  should  be 
riveted  to  the  pipe  about  5  inches  from  the  end  to  prevent  its 
being  pushed  too  far  into  the  flue.  Where  the  pipe  is  of  unusual 
length  it  is  well  to  cover  it  to  prevent  loss  of  heat  and  the  con- 
densation of  smoke. 

Chimney  Flues.  Chimney  flues  if  built  of  brick  should  have 
walls  8  inches  in  thickness,  unless  terra  cotta  linings  are  used, 
when  only  4  inches  of  brick  work  is  required.  Except  in  small 
houses  where  an  8  X  8  flue  may  be  used,  the  nominal  size  of  the 
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smoke  flue  should  be  at  least  8  X  12  to  allow  for  contractions  or 
offsets.  A  clean-out  door  should  be  placed  at  the  bottom  of  the 
flue  for  removing  ashes  and  soot.  A  square  flue  cannot  be 
reckoned  at  its  full  area  as  the  corners  are  of  little  value.  To 
avoid  down  drafts  the  top  of  the  chimney  must  be  carried  above 
the  highest  point  of  the  roof  unless  provided  with  a  suitable  'hood 
or  top. 

Cold'Air  Box.  The  cold-air  box  should  be  large  enough  to 
supply  a  volume  of  air  sufficient  to  fill  all  the  hot-air  pipes  at  the 
same  time.  If  the  supply  is  too  small,  the  distribution  is  sure  to 
be  unequal  and  the  cellar  will  become  overheated  from  lack  of  air 
to  carry  away  the  heat  generated. 

If  a  box  is  made  too  small  or  is  throttled  down  so  that  the 
volume  of  air  entering  the  furnace  is  not  large  enough  to  fill  all 
the  pipes  it  will  be  found  that  those  leading  to  the  less  .exposed 
side  of  the  house  or  to  the  upper  rooms  will  take  the  entire  supply, 
and  that  additional  air  to  supply  the  deficiency  will  be  drawn 
down  through  registers  in  rooms  less  favorably  situated.  It  is 
common  practice  to  make  the  area  of  the  cold-air  box  three-fourths 
the  combined  area  of  the  hot-air  pipes.  The  inlet  should  be 
placed  where  the  prevailing  cold  winds  will  blow  into  it  ;  this  is 
commonly  on  the  north  or  west  side  of  the  house.  If  it  is  placed 
on  the  side  away  from  the  wind,  warm  air  from  the  furnace  is 
likely  to  be  drawn  out  through  the  cold-air  boy. 

Whatever  may  be  the  location  of  the  entrance  to  the  cold-air 
box,  changes  in  the  direction  of  the  wind  may  take  place  which 
will  bring  the  inlet  on  the  wrong  side  of  the  house.  To  prevent 
the  possibility  of  such  changes  affecting  the  action  of  the  furnace 
the  cold-air  box  is  sometimes  extended  through  the  house  and  left 
open  at  both  ends,  with  check-dampers  arranged  to  prevent  back 
drafts.  These  checks  should  be  placed  some  distance  from  the 
entrance  to  prevent  their  becoming  clogged  with  show  or  sleet. 
The  cold-air  box  is  generally  made  of  matched  boards,  but  gal- 
vanized iron  is  much  better ;  it  costs  more  than  wood  but  is  well 
worth  the  extra  expense  on  account  of  tightness  which  keeps  the 
dust  and  ashes  from  being  drawn  into  the  furnace  casing  to  be 
discharged  through  the  registers  into  the  rooms  above. 

The  cold-air  inlet  should  be  covered  with  galvanized  wire 
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netting  with  a  mesh  of  at  least  three-eighths  of  an  inch.  The 
frame  to  which  it  is  attached  should  not  be  smaller  than  the  inside 
dimensions  of  the  cold-air  box.  A  door  to  admit  air  from  the 
cellar  to  the  cold-air  box  is  generally  provided.  As  a  rule  air 
should  be  taken  from  this  source  only  when  the  house  is  tem« 
porarily  unoccupied  or  during  high  winds. 

Return  Duct.  In  some  cases  it  is  desirable  to  return  air  to 
the  furnace  from  the  rooms  above,  to  be  reheated.  Ducts  for  this 
purpose  are  common  in  places  where  the  winter  temperature  is 
FVR  RETURN/NO  frequently  below  zero. 
Return  ducts  when  used, 
should  be  in  addition  to 
the  regular  cold-air  box. 
Fig.  31  shows  a  com- 
mon method  of  making 
the  connection  between 
the  two.  By  proper 
adjustment  of  the  swing- 
ing damper  the  air  can 
be  taken  either  from  out 
of  doors  or  through  the 
register  from  the  room 
above.  The  return 
register  is  often  placed 


Fig.  31. 

in  the  hallway  of  a  house  so  that  it  will  take  the  cold  air  which 
rushes  in  when  the  door  is  opened  and  also  that  which  may  leak 
in  around  it  while  closed.  Check  valves  or  flaps  of  light  gossa- 
mer or  woolen  cloth  should  be  placed  between  the  cold-air  box 
and  the  registers  to  prevent  back  drafts  during  winds. 

The  return  duct  should  not  be  used  too  freely  at  the  expense 
of  outdoor  air,  and  its  use  is  not  recommended  except  during  the 
night  when  air  is  admitted  to  the  sleeping  rooms  through  open 
windows. 

Warm-Air  Pipes.  The  required  size  of  the  warm-air  pipe  to 
any  given  room  depends  upon  the  heat  loss  from  the  room  and  the 
volume  of  warm  air  required  to  offset  this  loss.  .Each  cubic  foot 
of  air  warmed  from  zero  to  140  degrees  brings  into  a  room  2.2 
B.  T.  U.  We  have  already  seen  that  in  zero  weather  with  the  air 
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entering  the  registers  at  140  degrees,  only  one-half  of  the  heat 
contained  in  the  air  is  available  for  offsetting  the  losses  by  radia- 
tion and  conduction,  so  that  only  1.1  B.  T.  U.  in  each  cubic  foot 
of  entering  air,  can  be  utilized  for  warming  purposes.  Therefore 
if  we  divide  the  computed  heat  loss  in  B.  T.  U.  from  a  room,  by 
1.1  it  will  give  the  number  of  cubic  feet  of  air  at  140  degrees 
necessary  to  warm  the  room  in  zero  weather. 

As  the  outside  temperature  becomes  colder  the  quantity  of 
heat  brought  in  per  cubic  foot  of  air  increases,  but  the  proportion 
available  for  warming  purposes  becomes  less  at  nearly  the  same 
rate,  so  that  for  all  practical  purposes  we  may  use  the  figure  1.1 
for  all  usual  conditions.  In  calculating  the  size, of  pipe  required, 
we  may  assume  maximum  velocities  of  280  and  400  feet  per 
minute  for  rooms  on  the  first  and  second  floors  respectively. 
Knowing  the  number  of  cubic  feet  of  air  per  minute  to  be  delivered, 
we  can  divide  it  by  the  velocity,  which  will  give  us  the  required 
area  of  the  pipe  in  square  feet. 

Round  pipes  of  tin  or  galvanized  iron  are  used  for  this  pur- 
pose. The  following  table  will  be  found  useful  in  determining 
the  required  diameters  of  pipe  in  inches. 

TABLE  VI. 


DIA.  OF  PIPE  IN  INCHES. 

AREA  IN  SQ.  INCHES. 

AREA  IN  SQUAttE   FEET. 

6 

28 

.196 

T 

38 

.267 

8 

50 

.349 

9 

64 

.442 

10 

79 

.545 

11 

95 

.660 

12 

113 

.785 

13 

133 

.922 

14 

154 

1.07 

15 

177 

1.23 

16 

201 

1.40 

Example.  —  The  heat  loss  from  a  room  on  the  second  floor  is 
22,000  B.  T.  U.,  per  hour.  What  diameter  of  warm  air  pipe  will 
be  required? 
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22,000  -r-  1.1  =  20,000  =  cubic  feet  of  air  required  per  hour. 
20,000  -7-  60  =  333  per  minute.  Assuming  a  velocity  of  400  feet 
per  minute  we  have  333  -~  400  =  .832  square  feet,  which  is  the 
area  of  pipe  required.  Referring  to  table  VI.  we  find  this  comes 
between  a  12  and  13-inch  pipe  and  the  larger  size  would  probably 
be  chosen. 

Example. —  A  first  floor  room  has  a  computed  loss  of  33,000 
B.  T.  U.  per  hour  when  it  is  10°  below  zero.  The  air  for  warming 
is  to  enter  through  two  pipes  of  equal  size,  and  at  a  temperature 
of  140  degrees.  What  will  be  the  required  diameter  of  the  pipes  ? 

There  will  be  needed  33,000'  -f-  1.1  =  30,000  cubic  feet  of 
air  per  hour,  or  500  cubic  feet  per  minute.  At  a  velocity  of  280 
feet  per  minute,  the  pipe  area  must  be  500  -f-  280  =  1.786. 
This  is  conveniently  obtained  by  two  13-inch  pipes. 


Fig.  32 


Fig.  33. 


Since  long  horizontal  runs  of  pipe  increase  the  resistance  and 
loss  of  heat,  they  should  not  in  general  be  over  15  feet  in  length. 
This  applies  especially  to  pipes  leading  to  rooms  on  the  first  floor 
or  to  those  on  the  cold  side  of  the  house.  Pipes  of  excessive 
length  should  be  increased  in  size  because  of  the  added  resistance. 

Figs.  32  and  33  show  common  methods  of  running  the  pipes 
in  the  basement.  The  first  gives  the  best  results  and  should  be 
used  where  the  basement  is  of  sufficient  height  to  allow  it.  A 
damper  should  be  placed  in  each  pipe  near  the  furnace  for  regulat- 
ing the  flow  of  air  to  the  different  rooms  or  for  shutting  them  off 
entirely  when  desired. 
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While  round  pipe  risers  give  the  best  results,  it  is  not  always 
possible  to  provide  a  sufficient  space  for  them,  and  flat  or  oval  pipes 
are  substituted.  When  vertical  pipes  must  be  placed  in  single 
partitions,  much  better  results  will  be  obtained  if  the  studding 
can  be  made  5  or  6  inches  deep  instead  of  4  as  is  usually  done. 
Flues  should  never  in  any  case  be  made  less  than  3|  inches  in 
depth.  Each  room,  should  be  heated  by  a  separate  pipe.  In  some 
cases  however,  it  is  allowable  to  run  a  single  riser  to  heat  two 
unimportant  rooms  on  an  upper  floor.  A  clear  space  of  at  least 
|  inch  should  be  left  between  the  risers  and  studs  and  the  latter 
should  be  carefully  tinned,  and  the  space  between  them  on  both 
sides  covered  with  tin,  asbestos  or  wire  lath.  » 

The  following  table  gives  the  capacity  of  oval  pipes.  A  6- 
inch  pipe  ovaled  to  5  means  that  a  6-inch  pipe  has  been  flattened 
out  to  a  thickness  of  5  inches  and  column  2  gives  the  resulting 
area. 

TABLE   VII. 


DIMENSION    OP    PIPE. 


AREA   IN   SQUARE  INCHES. 


6 

ovaled  to  5 

27 

7 

«   «  4 

31 

7 

"   "  31 

29 

7 

«   «  6 

38 

8 

u   (t  5 

43 

9 

u    u  4 

45 

10 

u    a  ^l 

46 

9 

"   "  6" 

67 

9 

u   u  5 

51 

11 

u   u  4 

58 

12 

"   «  31 

55 

10 

"   "  6" 

67 

11 

a    „  5 

67 

14 

41   u  4 

76 

15' 

"   "  3-J 

73 

12 

"   "6" 

85 

12 

«   «  5 

75 

19 

u   u  4 

96 

20 

"   "  31 

100 

Having  determined  the  size  of  round  pipe  required,  an  equiva- 
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lent  oval  pipe  can  be  selected  from  the  table  to  suit  the  space 
available. 

Registers.  The  registers  which  control  the  supply  of  warm 
'air  to  the  rooms,  generally  have  a  net  area  equal  to  two-thirds  of 
their  gross  area.  The  net  area  should  be  from  10  to  20  per  cent 
greater  than  the  area  of  the  pipe  connected  with  it.  It  is  com- 
mon practice  to  use  registers  having  the  short  dimension  equal  to, 
and  the  long  dimension  about  one-half  greater  than  the  diameter 
of  the  pipe.  This  would  give  the  following  standard  sizes  for 
different  diameters  of  pipe. 

TABLE   VIII. 


DIAMETER    OF    PIPE.                                 SIZE   OF    REGISTER. 

6 

6  X  10 

7 

7  X  10 

8 

8X  12 

9 

9  X  14 

10 

10  x  15 

11 

11  X  16 

12 

12  X  17 

13 

14  X  20 

14 

14  X  22 

15 

15  X  22 

16 

16  X  24 

Combination  Systems.  A  combination  system  for  heating 
by  hot  air  and  hot  water  consists  of  an  ordinary  furnace  with 
some  form  of  surface  for  heating  water,  placed  either  in  contact 
with  the  fire  or  suspended  above  it.  Fig.  34  shows  a  common 
arrangement  where  part  of  the  heating  surface  forms  a  portion  of 
the  lining  to  the  fire  pot  and  the  remainder  is  above  the  fire. 

Care  must  be  taken  to  properly  proportion  the  work  to  be 
done  by  the  air  and  the  water,  else  one  will  operate  at  the  expense 
of  the  other.  One  square  foot  of  heating  surface  in  contact  with 
the  fire  is  capable  of  supplying  from  40  to  50  square  feet  of  radi- 
ating surface,  and  one  square  foot  suspended  over  the  fire  will 
supply  from  15  to  25  square  feet  of  radiation. 

Care  and  Management.  The  following  general  rules  apply 
to  the  management  of  all  hard  coal  furnaces. 
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The  fire  should  be  thoroughly  shaken  once  or  twice  daily  in 
cold  weather.  It  is  well  to  keep  the  fire  pot  heaping  full  at  all 
times.  In  this  way  a  more  even  temperature  may  be  maintained, 
less  attention  required  and  no  more  coal  burned  than  when  the 


Fig.  34. 

pot  is  only  partly  filled.  In  mild  weather  the  mistake  is  fre- 
quently made  of  carrying  a  thin  fire,  which  requires  frequent 
attention  and  is  likely  to  die  out.  Instead,  to  diminish  the  tern, 
perature  in  the  house,  keep  the  fire  pot  full  and  allow  ashes  to 
accumulate  on  the  grate  (not  under  itl  bv  shaking  less  frequently 
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or  less  vigorously.  The  ashes  will  hold  the  heat  and  render  it  an 
easy  matter  to  maintain  and  control  the  fire.  When  feeding  coal 
on  a  low  fire,  open  the  drafts  and  neither  rake  nor  shake  the  fire 
till  the  fresh  coal  becomes  ignited.  The  air  supply  to  the  fire  is 
of  the  greatest  importance.  An  insufficient  amount  results  in 
incomplete  combustion  and  a  great  loss  of  heat.  To  secure 
proper  combustion  the  fire  should  be  controlled  principally  by 
means  of  the  ash  pit,  through  the  ash  pit  door  or  slide. 

The  smoke  pipe  damper  should  be  opened  only  enough  to 
cany  off  the  gas  or  smoke  and  to  give  the  necessary  draft.  The 
openings  in  the  feed  door  act  as  a  check  on  the  fire  and  should  be 
kept  closed  during  cold  weather,  except  just  after  firing,  when 
with  a  good  draft  they  may  be  partly  opened  to  increase  the  air 
supply  and  promote  the  proper  combustion  of  the  gases. 

Keep  the  ash  pit  clear  to'a-void  warping  or  melting  the  grate. 
The  cold-air  box  should  be  kept  wide  open  except  during  winds 
or  when  the  fire  is  low.  At  such  times  it  may  be  partly,  but 
never  completely  closed.  Too  much  stress  cannot  be  laid  on  the 
importance  of  a  sufficient  air  supply  to  the  furnace.  It  costs 
little  if  any  more  to  maintain  a  comfortable  temperature  in  the 
house  night  and  .day  than  to  allow  the  rooms  to  become  so  cold 
during  the  night  that  the  fire  must  be  forced  in  the  morning  to 
warm  them  up  to  a  comfortable  temperature. 

In  case  the  warm  air  fails  at  times  to  reach  certain  rooms 
it  may  be  forced  into  them  by  temporarily  closing  the  registers 
in  other  rooms.  The  current  once  established  will  generally  con- 
tinue after  the  other  registers  have  been  opened. 

It  is  best  to  burn  as  hard  coal  as  the  draft  will  warrant. 
Egg  size  is  better  than  larger  coal,  since  for  a  given  weight  small 
lumps  expose  more  surface  and  ignite  more  quickly  than  larger 
ones.  The  furnace  and  smoke  pipe  should  be  thoroughly  cleaned 
once  a  year.  This  should  be  done  just  after  the  fire  has  been 
allowed  to  go  out  in  the  spring. 

STEAM  BOILERS. 

Types.  The  boilers  used  for  heating  are  the  same  as  have 
already  been  described  for  power  work.  In  addition  there  is  the 
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cast-iron  sectional   boiler,  which   is   almost   exclusively  used  for 
dwelling  houses. 

Sectional  Boilers.  Fig.  35  shows  a  common  form  of  cast- 
iron  boiler.  It  is  made  up  of  slabs  or  sections,  each  one  of  Avhich 
is  connected  by  nipples  with  headers  at  the  sides  and  top.  The 
top  header  acts  as  a  steam  drum  and  the  lower  ones  act  as  mud 
drums;  they  also  receive  the  water  of  condensation  from  the 
radiators.  The  gases  from  the  fire  pass  backward  and  forward 


Fig.  35. 

through  flues  and  are  finally  taken  off  at  the  rear  of  the  boiler.  The 
ratio  of  heating  to  grate  surface  in  this  type  of  boiler  ranges 
from  15  to  25  in  the  best  makes.  They  are  provided  with  the 
usual  attachments,  such  as  pressure  gage,  water  glass,  gage  cocks 
and  safety  valve ;  a  low-pressure  damper  regulator  is  furnished  for 
operating  the  draft  doors,  thus  keeping  the  steam  pressure  practi- 
cally constant.  A  pressure-  of  from  1  to  5  pounds  is  usuallv 
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carried  on  these  boilers  depending  upon  the  outside  temperature. 
The  usual  setting  is  simply  a  covering  of  some  kind  of  non- 
conducting  material  like  plastic  magnesia  or  asbestos,  although 
some  forms  are  enclosed  in  light  brickwork.  Fig.  36  shows  one 
of  this  kind  with  part  of  the  setting  removed.  In  computing  the 
required  size  we  may  proceed  in  the  same  manner  as  in  the  case 


, 


Fig.  36. 

of  a  furnace.  For  the  best  types  we  may  assume  a  combustion 
of  5  pounds  of  coal  per  square  foot  of  grate  per  hour,  and  an 
average  efficiency  of  60  per  cent,  which  corresponds  to  8,000 
B.  T.  U.  per  pound  of  coal,  available  for  useful  work. 

In  the  case  of  direct  steam  heating  we  have  only  to  supply 
heat  to  offset  that  lost  by  radiation  and  conduction,  so  the  grate 
area  may  be  found  by  dividing  the  computed  heat  loss  per  hour  by 
8,000  which  gives  the  number  of  pounds  of  coal,  and  this  in  turn 
divided  by  5  will  give  the  area  of  grate  required.  The  most 
efficient  rate  of  combustion  will  depend  somewhat  upon  the  ratio 
between  the  grate  and  heating  surface.  It  has  been  found  by 
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experiment  that  about  £  of  a  pound  of  coal  per  hour  for  each 
square  foot  of  heating  surface  gives  the  best  results,  so  that  by 
knowing  the  ratio  of  heating  surface  to  grate  area  for  any  make 
of  heater  we  may  easily  compute  the  most  efficient  rate  of  combus- 
tion and  from  it  determine  the  necessary  grate  area. 

For  example  —  The  heat  loss  from  a  building  is  480,000 
B.  T.  U.  per  hour ;  we  wish  to  use  a  heater  in  which  the  ratio  of 
heating  surface  to  grate  area  is  24,  what  will  be  the  most  efficient 
rate  of  combustion  and  the  required  grate  area?  480,000  -f-  8,000 
=  60  pounds  of  coal  per  Hour,  and  24  -f-  4  =r  6,  which  is  the  best 
rate  of  combustion  to  employ,  therefore  60  -j-  6  =  10,  the  grate 
area  required. 

Example. —  The  heat  loss  from  a  building  is  168,000  B.  T.  U. 
per  hour  and  the  chimney  draft  is  such  that  not  over  3  pounds  of 
coal  per  hour  can  be  burned  per  square  foot  of  grate.  What  ratio 
of  heating  to  grate  area  will  be  necessary  and  what  will  be  the 
required  grate  area  ? 

The  coal  necessary  is  168,000  -f-  8000  =  21  pounds  per 
hour,  requiring  7  square  feet  of  grate  surface  at  the  given  rate  of 
combustion.  Allowing  ^  pound  per  square  foot,  we  need  21  -f-  | 
=  84  square  feet  of  heating  surface,  and  this  gives  a  ratio  of 
84  -4-  7  =  12.  Ans. 

Cast  iron  sectional  boilers  are  used  for  dwelling  houses,  small 
schoolhouses,  churches,  etc.,  where  low  pressures  are  carried. 
They  are  increased  in  size  by  adding  more  slabs  or  sections. 
After  a  certain  length  is  reached  the  rear  sections  become  less  and 
less  efficient,  thus  limiting  the  size  and  power. 

Tubular  Boilers.  Tubular  boilers  are  largely  used  for  heat- 
ing purposes,  and  are  adapted  to  all  classes  of  buildings  except 
dwelling  houses  and  the  special  cases  mentioned  for  which 
sectional  boilers  are  preferable.  The  capacity  of  this  type  of 
boiler  is  usually  stated  as  so  many  horse-power,  and  the  method  of 
determining  the  size  is  different  from  that  just  described.  A  boiler 
horse-power  has  been  defined  as  the  evaporation  of  34 1  pounds  oi 
water  from  and  at  a  temperature  of  212  degrees,  and  in  doing  this 
83,317  B.  T.  U.  are  absorbed,  which  are  again  given  out  when 
the  steam  is  condensed  in  the  radiators.  Hence  to  find  the  boiler 
H.  P.  required  for  warming  any  given  building  we  have  only  to 
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compute  the  heat  loss  per  hour  by  the  methods  already  given  and 
divide  the  result  by  33,330.  It  is  more  common  to  divide  by  the 
number  33,000,  which  gives  a  slightly  larger  boiler  and  is  on  the 
side  of  safety.  The  ratio  of  heating  to  grate  surface  in  this  type  of 
boiler  ranges  from  30  to  40  and  therefore  allows  a  combustion  of 
from  8  to  10  pounds  of  coal  per  square  foot  of  grate.  This  is 
easily  obtained  with  a  good  chimney  draft  and  careful  firing. 
The  larger  the  boiler,  the  more  important  the  plant  usually,  and 
the  greater  the  care  bestowed  upon  it  so  that  we  may  generally 
count  on  a  higher  rate  of  combustion  and  a  greater  efficiency  as 
the  size  of  the  boiler  increases.  The  following  table  will  be  found 
useful  in  determining  the  size  of  boiler  required  under  different 
conditions.  The  grate  area  is  computed  for  an  evaporation  of  8 
pounds  of  water  per  pound  of  coal,  which  corresponds  to  an  effi- 
ciency of  about  60  per  cent  and  is  about  the  average  obtained 
in  practice  for  heating  boilers. 

The  areas  of  uptake  and  smoke  pipe  are  figured  on  a  basis  of 
1  square  foot  to  7  square  feet  of  grate  surface  and  the  results  given 
in  round  numbers.  In  the  "smaller  sizes  the  relative  size  of  smoke 
pipe  is  greater.  The  rate  of  combustion  runs  from  6  pounds  in 
the  smaller  sizes  to  11|-  in  the  larger.  Boilers  of  the  proportions 
given  in  the  table,  correspond  well  with  those  used  in  actual 
practice  and  may  be  relied  upon  to  give  good  results  under  all 
ordinary  conditions. 

Water-tube  boilers  are  often  used  for  heating  purposes  but 
more  especially  in  connection  with  power  plants.  The  method 
of  computing  the  required  H.  P.  is  the  same  as  for  tubular 
boilers. 

Horse  Power  for  Ventilation.  We  already  know  that  one 
B.  T.  U.  will  raise  the  temperature  of  1  cubic  foot  of  air  55  degrees, 
or  it  will  raise  100  cubic  feet  ^^  of  55  or  T5^  of  1  degree,  there- 
fore to  raise  100  cubic  feet  1  degree  it  will  take  1  -f-  -3fo  or  -L^S- 
B.  T.  U.,  and  to  raise  100  cubic  feet  through  100  degrees  it 
would  take  i££  X  100  B.  T.  U.  In  other  words,  the  B.  T.  U.  re- 
quired to  raise  any  given  volume  of  air  through  any  number  of 
degrees  in  temperature  is  equal  to 

Volume  of  air  in  cubic  ft.  X  Degrees  raised 
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TABLE  IX. 


Diameter 
of  Shell 
in  Inches 

Number 
of  Tubes. 

Diameter 
of  Tubes 
in  Inches. 

Length 
of'Tubes 
in  Feet. 

Horse 
Power. 

Size  of 
Grate  in 

Inches. 

Size  of 
Uptake 
in  Inches 

Size  of 
smokepipc 
in  sq.  in. 

30 

28 

2^ 

6 

8.5 

24x36 

10x14 

140 

7 

9.9 

24  x  36 

10x14 

140 

8 

11.2 

24x36 

10x14 

140 

9 

12.6 

24x42 

10x14 

140 

10 

14.0 

24x42 

10x14 

140 

36 

34 

W 

8  ' 

13.6 

30x36 

10x16 

160 

9 

15.3 

30x42 

10x18 

180 

10 

16.9 

30x42 

10x18 

180 

11 

18.6 

30x48 

10x20 

200 

12 

20.9 

30x48 

10x20 

200 

42 

34 

3 

9 

18.5 

36x42 

10x20 

2<* 

10 

20.5 

36  x  42 

10x20 

200 

11 

22.5 

36x48 

10x25 

250 

12 

24.5 

36x48 

10x25 

250 

13 

26.5 

36x48 

10x28 

280 

14 

28.5 

36x54 

10x28 

280 

48 

44 

3 

10 

30.4 

42x48 

10x28 

280 

11 

33.2 

42x48 

10x28 

280 

12 

35.7 

42  x  54 

10x32 

320 

13 

38.3 

42x54 

10x32 

320 

14 

40.8 

42x60 

10x36 

360 

15 

43.4 

42x60 

10x36 

360 

- 

16 

45.9 

42x60 

10x36 

360 

54 

54 

3 

11 

34.6 

48x54 

10x38 

380 

12 

37.7 

48x54 

10x38 

380 

13 

40.8 

48  x  54 

10x38 

380 

14 

43.9 

48x54 

10x38 

380 

15 

47.0 

48x60 

10x40 

400 

16 

50.1 

48x60 

10x40 

400 

46 

a>/2 

17 

53.0 

48x60 

10x40 

400 

60 

72 

3 

12 

48.4 

54x60 

12x40 

460 

13 

52.4 

54x60 

12x40 

460 

14 

56.4 

54x60 

12x40 

460 

15 

60.4 

54x66 

12x42 

500 

16 

64.4 

54x66 

12x42 

500 

64 

3^ 

17 

71.4 

54x72 

12x48 

550 

18 

75.6 

54x72 

12x48 

550 

66 

90 

3 

14 

70.1 

60x66 

12x48 

500 

15 

75.0 

60x72 

12x52 

620 

16 

80.0 

60x72 

12x52 

620 

78 

3^ 

17 

86.0 

60x78 

12x56 

670 

18 

91.1 

60x78 

12x56 

670 

19 

96.2 

60x78 

12x56 

670 

62 

4 

20 

93.1 

60x78 

12x56 

670 

72 

114 

3 

14 

87.4 

66x72 

12  x  56 

670 

15 

93.6 

66x72 

12x56 

670 

16 

99.7 

66x78 

12x62 

740 

b8 

3^ 

17 

106.4 

66x78 

12x62 

740 

18 

112.6 

66x84 

12x66 

790 

19 

118-8 

66x84 

12x66 

790 

72 

4 

20 

107.3 

66x84 

12x66 

790 
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Example  —  How  many  B.  T.  U.  are  required  to  raise  100,000 
cubic  feet  of  air  70  degrees  ? 

100.000X70     =m 
oo 

To  compute  the  H.  P.  required  for  the  ventilation  of  a  build- 
ing we  multiply  the  total  air  supply  in  cubic  feet  per  hour  by  the 
number  of  degrees  through  which  it  is  to  be  raised,  and  divide  the 
result  by  55.  This  gives  the  B.  T.  U.  per  hour,  which  divided 
by  33,000  will  give  the  H.  P.  required.  In  using  this  rule  always 
tak-e  the  air  supply  in  cubic  feet  per  hour. 

Example. —  A  high  school  has  1 0  class  rooms,  each  occupied  by 
50  pupils.  Air  is  to  be  delivered  to  the  rooms  at  a  temperature  of 
70  degrees.  What  will  be  the  total  H.  P.  required  to  heat  and 
ventilate  the  building  when  it  is  10  degrees  below  zero  if  the  heat 
loss  through  walls  and  windows  is  1,320,000  B.  T.  U.  per  hour? 

Cubic  feet  of  air  =  3000  X  10  X  50  =  1,500,000 

To  heat  this  quantity  we  need 

1,500,000  X  80  =  2>181>800     BTTT 

Total  B.  T.  U.  =  1,500,000  +  2,181,800  =  3,501,800 
Boiler  H.  P.  =  3,501,800  -f-  33,000  =  106.         Ans. 

DIRECT  STEAM  HEATING. 

Types  of  Radiating  Surface.  The  radiation  used  in  direct 
steam  heating  if?  made  up  of  cast  iron  radiators  of  various  forms, 
pipe  radiators  and  circulation  coils. 

Cast  Iron  Radiators.  The  general  form  of  cast  iron  sec- 
tional radiators  has  been  shown  in  Fig.  2.  They  are  made  up  of 
sections,  the  number  depending  upon  the  amount  of  heating  sur- 
face required.  Fig.  37  shows  an  intermediate  section  of  a  radiator 
of  this  type.  It  is  simply  a  loop  with  inlet  and  outlet  at  the 
bottom.  The  end  sections  are  the  same,  except  they  have  legs  as 
shown  in  Fig.  38.  These  sections  are  connected  at  the  bottom 
by  special  nipples  so  that  steam  entering  at  the  end  fills  the 
bottom  of  the  radiator,  and  being  lighter  than  the  air  jises  through 
the  loops  and  forces  the  air  downward  and  toward  the  farther  end, 
where  it  is  discharged  through  an  air-valve  placed  about  midway 
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of  the  last  section.  There  are  many  different  designs  varying  in 
height  and  width,  to  suit  all  conditions.  The  wall  pattern  shown 
in  Fig.  4  is  very  convenient  when  it  is  desired  to  place  the  radi- 
ator above  the  floor,  as  in  bath  rooms,  etc.  ;  it  is  also  a  convenient 
form  to  place  under  the  windows  of  halls  and  churches  to  counteract 
the  effect  of  cold  down  drafts.  It  is  adapted  to  nearly  every  place 
where  the  ordinary  direct 
radiator  can  be  used  and  may 
be  connected  up  in  different 
ways  to  meet  the  various 
requirements. 

Pipe  Radiators.  This 
type  of  radiator  (see  Fig.  3) 
is  made  up  of  wrought  iron 
pipes  screwed  into  a  cast  iron 
base.  The  pipes  are  either 
connected  in  pairs  at  the  top 
by  return  bends  or  each  sepa- 
rate tube  has  a  thin  metal 
diaphragm  passing  up  the 


center  nearly  to  the  top.     It 

is  necessary   that  a  loop    be 

formed  else  a  "  dead  end  "  would  occur.     This  would  become  filled 

with  air  and  prevent  steam  from  entering,  thus  causing  portions 

of  the  radiator  to  remain  cold.     For  a  given  surface  the  average 

pipe  radiator  is  more  efficient  than  the  cast  iron  sectional  radiator. 


Fig.  39. 

Circulation  Coils.  These  are  usually  made  up  of  1  or  1 1- 
inch  wrought  iron  pipe,  and  may  be  hung  on  the  walls  of  a  room 
by  means  of  hook  plates  or  suspended  overhead  on  hangers  and 
rolls. 

Fig.  39  shows  a  common  form  for  schoolhouse  and  similar 
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work;  this  coil  is  usually  made  of  1^-inch  pipe  screwed  into 
"  headers  "  or  "•  branch  tees  "  at  the  ends,  and  is  hung  on  the  wall 
just  below  the  windows.  This  is  known  as  a  "  branch  coil."  Fig. 
40  shows  a  "  trombone  coil,"  which  is  commonly  used  when  the 
pipes  cannot  turn  a  corner,  and  where  the  entire  coil  must  be 
placed  upon  one  side  of  the  room.  Fig.  41  is  called  a  "miter 
coil,"  and  is  used  under  the  same  conditions  as  a  trombone  coil  if 


Fig.  40. 

there  is  room  for  the  vertical  portion.  This  form  is  not  as  pleas- 
ing in  appearance  as  either  of  the  other  two  and  is  only  found  in 
factories  or  shops  where  looks  are  of  minor  importance. 

Overhead  coils  are  usually  of  the  "  miter "  form  laid  on  the 
side  and  suspended  about  a  foot  from  the  ceiling ;  they  are  less 
efficient  than  when  placed  nearer  the  floor,  as  the  warm  air  stays 
at  the  ceiling  and  the  lower  part  of  the  room  is  likely  to  remain 
cold.  They  are  only  used  when  wall  coils  or  radiators  would  be 
in  the  way  of  fixtures  or  when  they  would  come  below  the  water 


Fig.  41. 

line  of  the  boiler  if  placed  near  the  floor,,  A  coil  should  never 
be  made  up  as  shown  in  Fig.  42,  as  unequal  expansion  of  the 
pipes  would  cause  strains  which  would  soon  result  in  leaky  joints. 
When  steam  is  first  turned  on  a  coil  it  usually  passes  through  a 
portion  of  the  pipes  first  and  heats  them  while  the  others  remain 
cold  and  full  of  air.  Therefore  the  coil  must  always  be  made  up 
in  such  a  way  that  eacli  pipe  shall  have  a  certain  amount  of  spring 
and  may  expand  independently  without  bringing  undue  strains  upon 
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the  others.  Circulation  coils  should  incline  about  1  inch  in  20 
feet  toward  the  return  end  in  order  to  secure  proper  drainage  and 
quietness  of  operation. 

Efficiency  of  Radiators.  The  efficiency  of  a  radiator,  that  is, 
the  B.  T.  U.  which  it  gives  off  per  square  foot  of  surface  per  hour, 
depends  upon  the  difference  in  temperature  between  the  steam  in 
the  radiator  and  the  surrounding  air,  the  velocity  of  the  air  over 
the  radiator,  and  the  quality  of  the  surface,  whether  smooth  or 
rough.  In  ordinary  low-pressure  heating  the  first  condition  is 
practically  constant,  but  the  second  varies  somewhat  with  the 
pattern  of  the  radiator.  An  open  design  which  allows  the  air  to 
circulate  freely  over  the  radiating  surfaces  is  more  efficient  than  a 
close  pattern  and  for  this  reason  a  pipe  coil  is  more  efficient  than 
a  radiator. 

In  a  large  number  of   tests  of  cast  iron  radiators,  working 


Fig.  42. 

under  usual  conditions,  the  heat  given  off  per  square  foot  o*  sur- 
face per  hour,  for  each  degree  difference  in  temperature  between 
the  steam  and  surrounding  air,  was  found  to  vary  from  about  1.3 
to  1.7  B.  T.  U.  The  temperature  of  steam  at  3  pounds  pressure 
is  220  degrees,  and  220  —  70  — 150,  which  may  be  taken  as  the 
average  difference  between  the  temperature  of  the  steam  and  the 
air  of  the  room,  in  ordinary  low-pressure  work.  If  we  take  the 
mean  of  the  above  results,  that  is,  1.5 -we  shall  have  150  X  1-5  = 
225  B.  T»  U.  as  the  efficiency  of  an  average  cast  iron  radiator.  A 
circulation  coil  made  up  of  pipes  from  1  to  2  inches  in  diameter 
will  easily  give  off  300  B.  T.  U.  under  the  same  conditions,  and 
a  shallow  pipe  radiator  of  standard  height  may  be  safely  counted 
upon  to  give  260.  These  efficiencies  are  lower  than  are  given  by 
some  engineers,  but  if  the  sizes  are  taken  from  trade  catalogues  it 
is  not  safe  to  go  much  above  these  figures.  If  the  radiator  is  to 
be  used  for  warming  rooms  which  are  to  be  kept  at  a  temperature 
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above  or  below  70  degrees,  the  radiating  surface  may  be  changed 
in  the  same  proportion  as  the  difference  in  temperature  between 
the  steam  and  the  air. 

For  example  — if  a  room  is  to  be  kept  at  a  temperature  of 
60°  the  efficiency  of  the  radiator  becomes  |f§-  X  225  =  240 ; 
that  is  the  efficiency  varies  directly  as  the  difference  in  temper- 
ature between  the  steam  and  the  air  of  the  room.  It  is  not  cus- 
tomary to  consider  this  unless  the  steam  pressure  should  be  raised 
to  10  or  15  pounds  or  the  temperature  of  the  rooms  changed  15  or 
20  degrees  from  the  normal. 

From  the  above  it  is  easy  to  compute  the  size  of  radiator  for 
any  given  room.  First  compute  the  heat  loss  per  hour  by  radia- 
tion and  conduction,  in  the  coldest  weather,  then  divide  the  result 
by  225  for  cast  iron  radiators,  260  for  pipe  radiators  and  300  for 
pipe  coils.  It  is  customary  to  make  the  radiators  of  such  size, 
that  they  will  warm  the  rooms  to  70  degrees  in  the  coldest 
weather.  This  varies  a  good  deal  in  different  localities,  even  in 
the  same  state,  and  the  lowest  temperature  for  which  we  wish 
to  provide  must  be  settled  upon  before  any  calculations  are  made. 
In  New  England  and  through  the  Middle  and  Western  States  it  is 
usual  to  figure  on  warming  a  building  to  70  degrees  when  the 
outside  temperature  is  from  zero  to  10  degrees  below. 

The  makers  of  radiators  publish  in  their  catalogues,  tables 
giving  the  square  feet  of  heating  surface  for  different  styles  and 
heights,  and  these  can  be  used  in  determining  the  number  of 
sections  required  for  all  special  cases. 

If  pipe  coils  are  to  be  used,  it  becomes  necessary  to  reduce 
square  feet  of  heating  surface  to  linear  feet  of  pipe  ;  this  can  be 
done  by  means  of  the  factors  given  below. 

r3      =  linear  ft.  of  1"    pipe 

Square  feet  of  heating  surface  X  1  %  «'     if"    ! 

[l.6  =      «         "     2"      « 

The  size  of  radiator  is  only  made  sufficient  to  keep  the  room 
warm  after  it  is  once  heated,  and  no  allowance  is  made  for 
"  warming  up,"  that  is,  the  heat  given  off  by  the  radiator  is  just 
equal  to  that  lost  through  walls  and  windows.  This  condition  is 
offset  in  two  ways  —  first,  when  the  room  is  cold,  the  difference 
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in  temperature  between  the  steam  and  air  pf  the  room  is  greater 
and  the  radiator  is  more  efficient,  and  second  the  radiator  is  pro- 
portioned for  the  coldest  weather  so  that  for  a  greater  part  of  the 
time  it  is  larger  than  necessary.  This  last  condition  is  one  of  the 
disadvantages  of  direct  steam  heating ;  if  steam  is  on  the  radiator 


Fig.  43. 

at  all  it  will  give  off  the  same  amount  of  heat  regardless  of  the 
outside  temperature. 

Example. —  A  schoolroom  is  to  be  warmed  with  circulation 
coils  of  li-inch  pipe.  The  heat  loss  is  30,000  B.  T.  U.  per  hour; 
what  length  of  pipe  will  be  required  ? 

The  heating  surface  of  a  pipe  coil  will  be 


30,000 


=.  100  square  feet. 


300 
Therefore  we  need 

2.3  X  100  =  230  linear  feet  of  1^-inch  pipe. 

Location.  Radiators  should  be  placed  in  the  coldest 
part  of  the  room  if  possible,  as  under  windows  or  near  outside 
doors.  In  living  rooms  it  is  often  desirable  to  keep  the  windows 
free,  in  which  case  the  radiators  may  be  placed  at  one  side.  Cir- 
culation coils  are  run  along  the  outside  walls  of  a  room  under  the 
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windows.  Sometimes  the  position  of  the  radiators  is  decided  by 
the  necessary  location  of  the  pipe  risers,  so  that  a  certain  amount 
of  judgment  must  be  used  in  each  special  case  as  to  the  best 
arrangement  to  suit  all  requirements. 

Systems  of  Piping.  There  are  three  distinct  systems  of 
piping,  known  as  the  "two-pipe  system,"  the  "one-pipe  relief 
system,"  and  the  "one-pipe  circuit  system,"  with  various  modifi- 
cations of  each. 

Fig.  43  shows  the  arrangement  of  piping  and  radiators  in  the 
two-pipe  system.  The  steam  main  leads  from  the  top  of  the  boiler 
and  the  branches  are  carried  along  near  the  basement  ceiling ; 
risers  are  taken  off  from  the  supply  branches  and  carried  up  to  the 
STEAM  MA/N  radiators  on  the  differ- 

ent floors,  and  return 
pipes  are  brought  down 
to  the  return  mains, 

which  should  be  placed 

near  the  basement  floor 

RETURN  Ji  

below  the  water  line  of 


WATER 


K8-  44'  the  boiler.     Where  the 

building  is  more  than  two  stories  high,  radiators  in  similar  posi- 
tions on  different  floors  are  connected  with  the  same  riser,  which 
may  run  to  the  highest  floor,  and  a  corresponding  return  drop 
connecting  with  each  radiator  is  carried  down  beside  the  riser  to 
the  basement.  A  system  in  which  the  main  horizontal  returns  are 
below  the  water  line  of  the  boiler  is  said  to  have  a  "wet"  or 
"  sealed "  return.  If  the  returns  are  overhead  and  above  the 
water  line,  it  is  called  a  "  dry  "  return.  Where  the  steam  is  ex- 
posed to  extended  surfaces  of  water,  as  in  overhead  returns,  where 
the  condensation  partially  fills  the  pipes,  there  is  likely  to  be 
cracking  or  "  water  hammer  "  due  to  the  sudden  condensation  of 
the  steam  as  it  comes  in  contact  with  the  cooler  water.  This  is 
especially  noticeable  when  steam  is  first  turned  into  cold  pipes 
and  radiators,  and  the  condensation  is  excessive.  When  dry 
returns  are  used  the  pipes  should  be  large,  and  have  a  good  pitch 
toward  the  boiler. 

In  the  case  of  sealed  returns  the  only  contact  between  the 
steam  and  standing  water  is  in  the  vertical  returns  where  the 
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exposed  surfaces  are  very  small  (being  equal  to  the  sectional 
area  of  the  pipes)  and  trouble  from  water  hammer  is  practically 
done  away  with.  Dry  returns  should  be  given  an  incline  of  at 

least  1  inch  in  10  feet,  STEAM ^ 

while  for  wet  returns  1 

inch  in  20  or  even   40  = 

feet     is     ample.       The 

ends  of  all  steam  mains 

and  branches  should  be 

dripped  into  the  returns. 

If  the  return   is  sealed,  9*  , 

the  drip  may  be  directly  FiS-  45- 

connected  as  shown  in  Fig.  44,  but  if.it  is  dry,  the   connection 

should  be  provided  with  a  siphon  loop  as  indicated  in  Fig.  45. 

The  loop  becomes   filled  with   water  and    prevents  steam    from 


Fig.  46. 

flowing  directly  into  the  return.  As  the  condensation  collects  in 
the  loop  it  overflows  into  the  return  pipe  and  is  carried  away. 
The  return  pipes  in  this  case  are  of  course  filled  with  steam 
above  the  water,  but  it  is  steam  which  has  passed  through  the 
radiators  and  their  return  connections,  and  is  therefore  at  a  slightly 
lower  pressure,  so  that  if  steam  were  admitted  directly  from  the 
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main  it  would  tend  to  hold  back  the  water  in  more  distant  returns 
and  cause  surging  and  cracking  in  the  pipes.  Sometimes  the 
boiler  is  at  a  lower  level  than  the  basement  in  which  the  returns 
are  run  and  it  then  becomes  necessary  to  establish  a  "false"  water 
line.  This  is  done  by  making  connections  as  shown  in  Fig.  46. 

It  is  readily  seen  that  the  return  water  in  order  to  reach  the 
boiler  must  flow  over  the  loop  "  A  "  which  raises  the  water  line, 
or  seal,  to  the  level  shown  by  the  dotted  line.  The  balance  pipe 
is  to  break  the  seal  as  the  water  flows  over  the  loop,  and  prevent 


Fig.  47. 

any  siphon  action  which  would  tend  to  drain  the  water  out  of  the 
return  mains  after  a  flow  was  once  started. 

One-Pipe  Relief  System.  In  this  system  of  piping  the  radi- 
ators have  but  a  single  connection,  the  steam  flowing  in  and  the 
condensation  draining  out  through  the  same  pipe.  Fig.  47  shows 
the  method  of  running  the  pipes  for  this  system.  The  steam 
main,  as  before,  leads  from  the  top  of  the  boiler  and  is  carried 
to  as  high  a  point  as  the  basement  ceiling  will  allow ;  it  then 
slopes  downward  with  a  grade  of  about  1  inch  in  10  feet  and 
makes  a  circuit  of  the  building  or  a  portion  of  it. 

Risers  are  taken  off  from  the  top  and  carried  to  the  radiators 
above  as  in  the  two-pipe  system,  but  in  this  case,  the  condensation 


HEATING  AND  VENTILATION. 


61 


flows  back  through  the  same  pipe  and  drains  into  the  return 
main  near  the  floor  through  drip  connections  which  are  made  at 
frequent  intervals.  In  a  two-story  building  the  bottom,  of  each 
riser  to  the  second  floor  is  dripped,  and  in  larger  buildings  it  is 
customary  to  drip  each  riser  that  has  more  than  one  radiator  con- 
nected with  it.  If  the  radiators  are  large  and  at  a  considerable 
distance  from  the  next  riser,  it  is  better  to  make  a  drip  connection 
for  each  radiator.  When  the  return  main  is  overhead,  the  risers 
should  be  dripped  through  siphon  loops,  but  the  ends  of  the 
branches  should  make  direct  connection  with  the  returns.  This 
is  the  reverse  of  the  two-pipe  system.  "In  this  case  the  lowest 


Fig.  48. 

pressure  is  at  the  ends  of  the  mains  so  that  steam  introduced 
into  the  returns  at  these  points  will  cause  no  trouble  in  the  pipes 
connecting  between  these  and  the  boiler. 

If  no  steam  is  allowed  to  enter  the  returns,  a  vacuum  will  be 
formed,  and  there  will  be  no  pressure  to  force  the  water  back  to 
the  boiler.  A  check  valve  should  always  be  placed  in  the  main 
return  near  the  boiler  to  prevent  the  water  from  flowing  out  in 
case  of  a  vacuum  being  formed  suddenly  in  the  pipes. 

One-Pipe  Circuit  System.  (See  Fig.  48.)  In  this  case  the 
steam  main  rises  to  the  highest  point  of  the  basement  as  before* 
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and  then  with  a  considerable  pitch  makes  an  entire  circuit  of  the 
building  and  again  connects  with  the  boiler  below  the  water  line.. 
Single  risers  are  taken  from  the  top  and  the  condensation  drains 
back  through  the  same  pipes  and  is  carried  along  with  the  flow 
of  steam  to  the  extreme  end  of  the  main,  where  it  is  returned  to 


Fig.  49. 


Fig.  50. 


the  boiler.  The  main  is  made  large  and  of  the  same  size  through- 
out its  entire  length  ;  it  must  be  given  a  good  pitch'  to  insure 
satisfactory  results. 

.  One  objection  to  a  single-pipe  system  is  that  the  steam  and 
return  water  are  flowing  in  opposite 
directions,,  and  the  risers  must  be  made 
of  extra  large  size  to  prevent  any  in- 
terference. This  is  overcome  in  large 
buildings  by  carrying  a  single  riser  to 
the  attic,  large  enough  to  supply  the 
entire  building ;  then  branching  and 
running  "  drops  "  to  the  basement.  In 
this  system  the  flow  of  steam  is  down- 
ward as  well  as  that  of  water.  This 
method  of  piping  may  be  used  with 

good  results  in  two-pipe  systems  as  well.  Care  must  always  be 
taken  that  no  pockets  or  low  points  occur  in  any  of  the  lines  of 
pipe,  but  if  for  any  reason  they  cannot  be  avoided  they  should  be 
carefully  drained. 

Pipe  Connections.     Figs.  49,  50   and  51  show  the   common 
methods  of  making  the  connections  between  the  supply  pipes  and 


Fig.  51. 
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the  radiators.  Fig.  49  shows  a  two-pipe  connection  with  a  riser; 
the  return  is  carried  down  to  the  main  below.  Fig.  50  shows  a 
single  pipe  connection  with  a  basement  main  and  Fig.  51  a  single 
connection  with  a  riser. 

Care  must  always  be  taken  to  make  the  horizontal  part  of  the 
piping  between  the  radiator  and  riser  as  short  as  possible  and  to 
give  it  a  good  pitch  toward  the  riser.  There  are  various  ways  of 
making  these  connections  especially  suited  to  different  conditions, 


Fig.  52. 

but  the  examples  given  serve  to  show  the  general  principle  to  be 
followed. 

Figs.  39,  40  and  41  show  the  common  methods  of  making 
steam  and  return  connections  with  circulation  coils.  The  position 
of  the  air  valve  is  shown  in  each  case. 

Expansion  of  Pipes.  Cold  steam  pipes  expand  approximately 
1  inch  in  each  100  feet  in  length  when  low  pressure  steam  is 
turned  into  them,  so  that  in  laying  out  a  system  of  piping  we 
must  arrange  it  in  such  a  manner  that  there  will  be  sufficient 
"spring"  or  "give"  to  the  pipes  to  prevent  injurious  strains. 
This  is  done  by  means  of  offsets  and  bends.  In  the  case  of  larger 
pipes  this  simple  method  will  not  be  sufficient,  and  swivel  or  slip 
joints  must  be  used,  to  take  up  the  expansion.  The  method  oi 
making  up  a  swivel  joint  is  shown  in  Fig.  52. 

Any  lengthening  of  the  pipe  A  will  be  taken  up  by  slight 
turning  or  swivel  movements  at  the  points  B  and  C.  A  slip  joint 
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is  shown  in  Fig.  53.  The  part  c  slides  inside  the  shell  d  and  is 
made  steam  tight  by  a  stuffing  box  as  shown.  The  pipes  are  con- 
nected at  the  flanges  A  and  B. 

When  pipes  pass  through  floors  or  partitions,  the  woodwork 
should  be  protected  by  galvanized  iron  sleeves  having  a  diameter 
from  |  to  1  inch  greater  than  the  pipe.  Fig.  54  shows  a  form  of 


Fig.  53. 

adjustable  floor  sleeve  which  may  be  lengthened  or  shortened  to 
conform  to  the  thickness  of  floor  or  partition.  If  plain  sleeves  are 
used,  a  plate  should  be  placed  around  the  pipe  where  it  passes 
through  the  floor  or  partition.  These  are  made  in  two  parts  so 

that  they  may  be  put  in  place 
after  the  pipe  is  hung.  A  plate 
of  this  kind  is  shown  in  Fig.  55. 
Valves.  The  different 
styles  commonly  used  for  radi- 
ator connections  are  shown  in 
Figs.  56,  57  and  58,  and  are 
known  as  k'  angle,"  "  offset " 
and  "corner"  valves  respec- 
tively. The  first  is  used  when 
the  radiator  is  at  the  top  of  a 
riser  or  when  the  connections 
are  like  those  shown  in  Figs. 
49,  50  and  51  ;  the  second  is 


Fig.  i4. 


used  when  the  connection  between  the  riser  and  radiator  is  above 
the  floor,  and  the  third  when  the  radiator  has  to  be  set  close 
in  the  corner  of  a  room  and  there  is  not  space  for  the  usual  con- 
nection. A  globe  valve  should  never  be  used  in  a  horizontal  steam 
supply  or  dry  return;  the  reason  for  this  is  plainly  shown  in 
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Fig.  59.  In  order  for  water  to  flow  through  the  valve  it  must 
rise  to  a  height  shown  by  the  dotted  line,  which  would  half  fill 
the  pipes,  and  cause  serious  trouble  from  water  hammer.  The 
gate  valve  shown  in  Fig.  60  does  not  have 
this  undesirable  feature,  as  the  opening 
is  on  a  level  with  the  bottom  of  the  pipe. 
Air  Valves.  Valves  of  various  kinds 
are  used  for  freeing  the  radiators  from  air 
when  steam  is  turned  on.  Fig.  61  shows 
simplest  form,  which  is  operated  by  hand. 
Fig.  62  is  a  type  of  automatic  valve  ;  it  consists  of  a  shell, 
which  is  attached  to  the  radiator.  B  is  a  small  opening  which 
may  be  closed  by  the  spindle  C  which  is  provided  with  a 
conical  end.  D  is  a  strip  composed  of  a  layer  of  iron  or  steel 


Fig.  55. 


Fig.  56.  Fig.  57.  Fig.  58. 

and  one  of  brass  soldered  or  brazed  together.  The  action  of  the 
valve  is  as  follows;  when  the  radiator  is  cold  and  filled  with  air 
the  valve  stands  as  shown  in  the  cut.  When  steam  is  turned  on, 
the  air  is  driven  out  through  the  opening  B.  As  soon  as  this  is 
expelled  and  steam  strikes  the  strip  D,  the  two  prongs  spring 


I 


Fig  59. 


apart  owing  to  the  unequal  expansion  of  the  two  metals  due  to 
the  heat  of  the  steam.  This  raises  the  spindle  C  and  closes  the 
opening  so  that  no  steam  can  escape.  If  air  should  collect  in  the 
valve  and  the  metal  strip  become  cool  it  would  contract  and  the 
spindle  would  drop  and  allow  the  air  to  escape  through  B  as  be- 
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fore.  E  is  an  adjusting  nut  and  F  is  a  float  attached  to  the 
spindle,  and  is  supposed  in  case  of  a  sudden  rush  of  water  with 
the  air  to  rise  and  close  -the  opening  ;  this  action  is  somewhat 
uncertain,  especially  if  the  pressure  of  water 
continues  for  some  time. 

There  are  other  types  of  valves  acting 
on  the  same  principle.  The  valve  shown  in 
Fig.  63  is  closed  by  the  expansion  of  a  piece 
of  vulcanite  instead  of  a  metal  strip,  and  has 
no  water  float. 

The  valve  shown  hi  Fig.  64  acts  on  a 
somewhat  different  principle.  The  float  C 
is  made  of  thin  brass,  closed  at  top  and  bot- 
tom, and  is  partially  filled  with  wood  alcohol. 
When  steam  strikes  the  float  the  alcohol  is 
vaporized,  and  creates  a  pressure  sufficient 
to  bulge  out  the  ends  slightly"  which  raises 
the  spindle  and  closes  the  opening  B.  Fig. 
65  shows  a  form  of  so-called  "  vacuum 
valve."  It  acts  in  a  similar  manner  to  those 


Fig.  60. 


already  described,  but  has  in  addition  a  ball  check  which  prevents 
the  air  from  being  drawn  into  the  radiator,  should  the  steam  go 
down  and  a  vacuum  be  formed.  If  a  partial  vacuum  exists  in  the 


Fig.  61.  Fig.  63. 

boiler  and  radiators,  the  boiling  point,  and  consequently  the 
temperature  of  the  steam  are  lowered,  and  less  heat  is  given  off 
by  the  radiators.  This  method  of  operating  a  heating  plant  is 
sometimes  advocated  for  spring  and  fall  when  less  heat  is  re- 
quired, and  steam  under  pressure  would  overheat  the  rooms. 

.  Pipe  Sizes.  The  proportioning  of  the  steam  pipes  in  a  heat- 
ing plant  is  of  the  greatest  importance,  and  should  be  carefully 
worked  out  by  methods  which  experience  has  proved  to  be  correct. 
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There  are  several  ways  of  doing  this,  but  for  ordinary  condi- 
tions the  following  tables  have  given  excellent  results  in  actual 
practice.  They  have  been  computed  from  what  is  known  as 


Fig.  62. 


Fig.  65. 


D'Arcy's  formula,  with  suitable  corrections  made  for  actual  work 
ing  conditions.  As  the  computations  are  somewhat  complicated, 
only  the  results  will  be  given  here,  with 
full  directions  for  their  proper  use.  The 
following  table  gives  the  flow  of  steam  in 
pounds  per  minute  for  pipes  of  different 
diameters,  and  with  varying  drops  in 
pressure  between  the  supply  and  dis- 
charge ends  of  the  pipe.  These  quanti- 
ties are  for  pipes  100  feet  in  length;  for 
other  lengths  the  results  must  be  corrected 
by  the  factors  given  in  table  XII.  As  the 
length  of  the  pipe  increases,  the  friction 
becomes  greater,  and  the  quantity  of  steam 
discharged  in  a  given  time  is  diminished. 

Table  X  is  computed  on  the  assumption  that  the  drop  in 
pressure  between  the  two  ends  of  the  pipe  equals  the  initial  pres- 
sure. If  the  drop  in  pressure  is  less  than  the  initial  pressure  the 


Fig.  64. 
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actual  discharge  will  be  slightly  greater  than  the  quantities  given 
in  the  table,  but  this  difference  will  be  small  for  pressures  up  to 
5  pounds,  and  can  be  neglected  as  it  is  on  the  side  of  safety.  For 
higher  initial  pressures,  table  XI  has  been  prepared.  This  is  to 
TABLE  X. 


Drop  in  Pressure  (Pounds.) 


of 
Pipe. 

% 

# 

X 

1 

1# 

2 

3 

4 

5 

1 

.44 

.63 

.78 

.91 

1.13 

1.31 

1.66 

1.97 

2.26 

IX 

.81 

1.16 

1.43 

1.66 

2.05 

2.39 

3.02 

3.59 

4.12 

1^ 

1.06 

1.89 

2.34 

2.71 

3.36 

3.92 

4.94 

5.88 

6.75 

2 

2.93 

4.17 

5.16 

5.99 

7.43 

8.65 

10.9 

13.0 

14.9 

2^ 

5.29 

7.52 

9.32 

10.8 

13.4 

15.6 

19.7 

23.4 

26.9 

3 

8.61 

12.3 

15.2 

17.6 

21.8 

25.4 

32 

31.8 

43.7 

3>£ 

12.9 

18.3 

22.6 

26.3 

32.5 

37.9 

47.8 

56.9 

65.3 

4 

181 

25.7 

31.8 

36.9 

45.8 

53.3 

67.2 

80.1' 

91.9 

5 

32.2 

45.7 

56.6 

65.7 

81.3 

94.7 

120 

142 

163 

6 

51.7 

73.3 

90.9 

106 

131 

152 

192 

229 

262 

7 

"6.7 

109 

135 

157 

194 

226 

285 

339 

390 

8 

108 

154 

190 

222 

274 

319 

402 

478 

549 

9 

147 

209 

258 

299 

371 

432 

545 

649 

745 

10 

192 

273 

339 

393 

487 

567 

715 

852 

977 

12 

305 

434 

537 

623 

771 

899 

1130 

1350 

1550 

15 

535 

761 

942 

1090 

1350 

1580 

1990 

2370 

2720 

be  used  in .  connection  with  table  X  as  follows.  First  find  from 
table  X  the  quantity  of  steam  which  will  be  discharged  through 
the  given  diameter  of  pipe  with  the  assumed  drop  in  pressure  ; 

TABLE  XI. 


Initial   Pressure. 


Pressure1 
in  Pounds. 

10 

20 

30 

40 

60 

80 

1 

1.27    ' 

1.49 

1.68 

1.84 

2.13 

2.38 

1 

1.26 

1.48 

1.66 

1.83 

2.11 

2.36 

1 

1.24 

1.46 

1.64 

1.80 

2.08 

2.32 

2 

1.21 

1.41 

'  1.59 

1.75 

2.02 

2.26 

3 

1.17 

1.37 

1.55 

1.70 

1.97 

2.20 

4 

1.14 

1.34 

1.51 

1.66 

1.92 

2.14 

5 

1.12 

1.31 

1.47 

1.62 

1.87 

2.09 

then  look  in  table  XI  for  the  factor  corresponding  with  the 
assumed  drop  and  the  higher  initial  pressure  to  be  used.  The 
quantity  given  in  table  X  multiplied  by  this  factor  will  give  the 
actual  capacity  of  the  pipe  under  the  given  conditions. 
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Example — What  weight  of  steam  will  be  discharged  through 
a  3"  pipe,  100  feet  long,  with  an  initial  pressure  of  60  pounds  and 
a  drop  of  2  pounds  ? 

Looking  in  table  X  we  find  that  a  3"  pipe  will  discharge 
25.4  pounds  of  steam  per  minute  with  a  2-pound  drop.  Then 
looking  in  table  XI  we  find  the  factor  corresponding  to  60  pounds 
initial  pressure  and  a  drop  of  2  pounds  to  be  2.02.  Then  accord- 
ing to  the  rule  given,  25.4  X  2.02  —  51.3  pounds  which  is  the 
capacity  of  a  3"  pipe  under  the  assumed  conditions. 

Sometimes  the  problem  will  be  presented  in  the  following 
way :  What  size  of  pipe  will  be  required  to  deliver  80  pounds  of 
steam  a  distance  of  100  feet  with  an  initial  pressure  of  40  pounds 
and  a  drop  of  3  pounds  ? 

.    TABLE  XII. 


Feet. 

Factor. 

Feet.         Factor. 

Feet. 

Factor. 

Feet 

Factor. 

10 

3.16 

120         .91 

275 

.60 

600 

.40 

20 

2.24 

130         .87 

300 

.57 

-  650 

.39 

30 

1.82 

140 

.84 

325 

.55 

700 

.37 

40 

1.58 

150 

.81 

350 

.53 

750 

.36 

50 

1.41 

160 

.79 

375 

.51 

800 

.35 

60 

1.29 

170 

.76 

400 

.50 

850 

.34 

70 

1.20 

180 

.74 

425 

.48 

900 

.33 

80 

1.12 

19.0 

.72 

450 

.47 

950 

.32 

90 

1.05 

200 

.70 

475 

.46 

1,000 

.31 

100 

1.00 

225 

.66 

500 

.45 

110 

.95 

250 

.63 

550 

.42 

We  have  seen  that  the  higher  the  initial  pressure  with  a 
given  drop,  the  greater  will  be  the  quantity  of  steam  discharged ; 
therefore  a  smaller  pipe  will  be  required  to  deliver  80  pounds 
of  steam  at  40  pounds  than  at  3  pounds  initial  pressure.  From 
table  XI  we  find  that  a  given  pipe  will  discharge  1.7  times  as 
much  steam  per  minute  with  a  pressure  of  40  pounds,  and  a  drop 
of  3  pounds,  as  it  would  with  a  pressure  of  3  pounds,  dropping 
to  zero.  From  this  it  is  evident  that  if  we  divide  80  by  1.7  and 
look  in  table  X  under  "  3  pounds  drop "  for  the  result  thus 
obtained,  the  size  of  pipe  corresponding  will  be  that  required. 
80-^1.7  =  47. 
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The  nearest  number  in  the  table  marked  "  3  pounds  drop  "  is 
47.8  which  corresponds  to  a  3^"  pipe  and  is  the  size  required. 

These  conditions  will  seldom  be  met  with  in  low-pressure 
heating,  but  apply  more  particularly  to  combination  power  and 
heating  plants,  and  will  be  taken  up  more  fully  under  that  head. 
For  lengths  of  pipe  other  than  100  feet,  multiply  the  quantities 
given  in  table  X  by  the  factors  found  in  table  XII. 

Example  —  What  weight  of  steam  will  be  discharged  per 
minute  through  a  31"  pipe,  450  feet  long  with  a  pressure  of  5 
pounds  and  a  drop  of  ^  pound  ? 

Table  X,  which  may  be  used  for  all  pressures  below  10 
pounds,  gives  for  a  3|"  pipe,  100  feet  long,  a  capacity  of  18.3 
pounds  for  the  above  conditions.  Looking  in  table  XII,  we  find 
the  correction  factor  for  450  feet  to  be  .47.  Then  18.3  X  .47  = 
8.6  pounds,  the  quantity  of  steam  which  will  be  discharged  if 
the  pipe  is  450  feet  long. 

Examples  involving  the  use  of  tables  X,  XI  and  XII  in 
combination  are  quite  common  in  practice.  The  following  shows 
the  method  of  calculation  :  « 

What  size  of  pipe  will  be  required  to  deliver  90  pounds  of 
steam  per  minute  a  distance  of  800  feet,  with  an  initial  pressure 
of  80  pounds  and  a  drop  of  5  pounds?  Table  XII  gives  the 
factor  for  800  feet  as  .35  and  table  XI  that  for  80  pounds  pres- 

qn 

sure  and  5  pounds  drop  as  2.09.     Then =  123  :  which 

.35  X  2.09 

is  the  equivalent  quantity,  we  must  look  for  in  table  X.  We 
find  that  a  4"  pipe  will  discharge  91.9  pounds,  and  a  5"  pipe  163 
pounds.  A  4J"  pipe  is  not  commonly  carried  in  stock  and  we 
should  probably  use  a  5"  in  this  case,  unless  it  was  decided  to  use 
a  4"  and  allow  a  slightly  greater  drop  in  pressure.  In  ordinary 
heating  work  with  pressures  varying  from  2  to  5  pounds,  a  drop 
of  |  pound  in  100  feet  has  been  found  to  give  satisfactory  results. 

In  computing  the  pipe  sizes  for  a  heating  system  by  the 
above  methods  it  would  be  a  long  process  to  work  out  the  size  of 
each  branch  separately  so  the  following  table  has  been  prepared 
for  ready  use  in  low-pressure  work. 

As  most  direct  heating  systems,  and  especially  those  in 
schoolhouses,  are  made  up  of  both  radiators  and  circulation  coils, 
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an  efficiency  of  300  B.  T.  U.  has  been  taken  for  direct  radiation 
of  whatever  variety,  no  distinction  being  made  between  the  dif- 
ferent kinds.  This  gives  a  slightly  larger  pipe  than  is  necessary 
for  cast  iron  radiators,  but  it  is  probably  offset  by  bends  in  the 
pipes,  and  in  any  case  gives  a  slight  factor  of  safety.  We  find 
from  a- steam  table  that  the  "latent  heat"  of  steam  at  20  pounds 
above  a  vacuum,  (which  corresponds  to  5  pounds  gage-pressure)  is 
954  -f-  B.  T.  U.,  which  means  that  for  every  pound  of  steam  con- 
densed in  a  radiator  954  B.  T.  U.  are  given  off  for  warming  the 
air  of  the  room.  If  a  radiator  has  an  efficiency  of  300  B.  T.  U., 
then  each  square  foot  of  surface  will  condense  300'-=-  954  =..314 
pounds  of  steam  per  hour,  so  that  we  may  assume  in  round  num- 
bers a  condensation  of  %  of  a  pound  of  steam  per  hour  for  each 
square  foot  of  direct  radiation,  when  computing  the  sizes  of  steam 
pipes  in  low-pressure  heating.  Table  XIII  has  been  calculated  on 
this  assumption,  and  gives  the  square  feet  of  heating  surface 

TABLE   XIII. 

LENGTH   OF   PIPE   100    FEET. 


Size  of  Pipe. 

Square  Feet  of  Heating  Surface. 

J  Pound  Drop. 

J  Pound  Drop. 

1 

80 

114 

H 

145 

210 

H 

190 

340 

2 

525 

750 

2I 

950 

1350 

3 

1550 

2210 

321 

2320 

3290 

4 

3250 

4620 

5 

5800 

8220 

6 

9320 

13200 

7 

13800 

19620 

8 

19440 

27720 

which  different  sizes  of  pipe  will  supply,  with  drops  in  pressure 
of  ^  and  ^  pounds,  in  each  100  feet  of  pipe.  The  former  should 
be  used  for  pressures  from  1  to  5  pounds,  and  the  latter  may  be 
used  for  pressures  over  5  pounds,  under  ordinary  conditions.  The 
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sizes  of  long  mains  and  special  pipes  of  'large   ske   should  be 
proportioned  directly  from  tables  X,  XI  and  XII. 

Where  the  two-pipe  system  is  used  and  the  radiators  have 
separate  supply  and  return  pipes,  the  risers  or  vertical  pipes  may 
be  taken  from  table  XIII,  but  if  the  single  pipe  system  is  used, 
the  risers  must  be  increased  in  size  as  the  steam  and  water  are 
flowing  in  opposite  directions  and  must  have  plenty  of  room  to 
pass  each  other.  It  is  customary  in  this  case  to  base  the  compu- 
tation on  the  velocity  of  the  steam  in  the  pipes  rather  than  on  the 
drop  in  pressure.  Assuming  as  before,  a  condensation  of  one-third 
of  a  pound  of  steam  per  hour  per  square  foot  of  radiation,  the  fol- 
lowing tables  have  been  prepared  for  velocities  of  10  and  15  feet 
per  second.  The  sizes  given  in  table  XV  have  been  found  suffi- 
cient in  most  cases,  but  the  larger  sizes,  based  oil  a  flow  of  10  feet 
per  second,  give  greater  safety  and  should  be  more  generally 
used.  The  size  of  the  largest  riser  should  usually  be  limited  to 
2J"  in  school  and  dwelling  house  work  unless  it  is  a  special  pipe 
carried  up  in  a  concealed  position.  If  the  length  of  riser  is  short 
between  the  lowest  radiator  and  the  main,  a  higher  velocity  of  20 
feet  or  more  may  be  allowed  through  this  portion  rather  than 
make  the  pipe  excessively  large. 


TABLE  XIV. 


TABLE  XV. 


10  Feet  Per  Second  Velocity. 


15  Feet  Per  Second  Velocity. 


Size  of  Pipe. 

Sq.  Feet  of  Radiation. 

Size  of  Pipe. 

Sq.  Feet  of  Radiation. 

1 

30 

1 

50 

11 

60 

U 

90 

4 

80 

ll 

120 

2 

130 

2 

200 

H 

190 

2i 

290 

3 

290 

3 

340 

•      H 

390 

H 

590 

Example. —  Compute  the  size  of  pipe  required  to  supply 
10,000  square  feet  of  direct  radiation,  where  the  distance  to  the 
boiler  house  is  300  feet  and  the  pressure  carried  is  10  pounds; 
allowing  a  drop  in  pressure  of  4  pounds. 
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Steam  required  =  1  X  10,000  =  3333  pounds  per  hour 

=  55.6  pounds  per  minute. 

From  Table  XII  we  see  that  this  corresponds  to  55.6  -f-  .57 
=  97.5  pounds  for  a  pipe  100  feet  long.     From  Table  XI  the 

97  5 

discharge  factor  is  1.14.     Hence  in  Table  X  we  look  for  L_  = 

1.14 

85.5  under  4  pounds  drop,  and  we  find  that  a  5-inch  pipe  must  be 
used. 


Dia.  of  Steam  Pipe. 

Dia.  of  Dry  Return. 

Dia.  of  Sealed  Return. 

1 
1| 

1 
1 

I 

1} 

« 

1 

2 

ll 

u 

2£ 

2" 

if 

3 

2J 

2 

H 

4 

2 

4 

3 

2i- 

5 

3 

2I 

6 

3I 

3 

7 

8} 

3 

8    . 

4 

8} 

9 

5 

3£ 

10 

5 

4    • 

12 

6 

5 

Returns.     The  size  of  return  pipes  is   usually  a  matter  of 
custom  and  judgment  rather  than  computation.     It  is  a  common 
rule  among  steam  fitters  to  make 
the  returns  one  size  smaller  than 
the    corresponding    steam    pipes. 
This    is    a     good    rule    for    the 
smaller   sizes,  but  gives   a  larger    (] 
return  than   is   necessary   ior  the 
larger  sizes  of  pipe.      Table  XVI     || 
gives  different  sizes  of  steam  pipes  Fig.  66. 

with   the  corresponding  diameters   for   drjr   and   sealed   returns. 
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THe  length  of  run  and  number  of  turns  in  a  return  pipe 
should  be  noted  and  any  unusual  conditions  provided  for.  Where 
the  condensation  is  discharged  through  a  trap  into  a  lower  pres- 
sure the  sizes  given  may  be  slightly  reduced,  especially  among  the 
larger  sizes,  depending  upon  the  difference  in  pi-essures. 

Radiators  are  usually  tapped  for  pipe  connections  as  follows, 
and  these  sizes  may  be  used  for  the  connections  with  the  mains  or 
risers. 

TWO-PIPE   CONNECTION. 

Square  Feet  of  Radiation.  Steam.  Return. 

10  to    30  f  "  f  " 

30  to    48  1   " 

48  to    96  1J"  1  " 

96  to  150  I**  \\" 

SINGLE    PIPE   CONNECTION. 
10  to      24  1    ' 

24  to    60  li" 

60  to    80  IJ* 

80  to  130  2  ' 

Boiler  Connections.  The  steam  main  should  be  connected 
to  the  rear  nozzle,  if  a  tubular  boiler  is  used,  as  the  boiling  of  the 
water  is  less  violent  at  this  point  and  dryer  steam  will  be 
obtained.  The  shut-off  valve  should  be  placed  in  such  a  position 
that  pockets  for  the  accumulation  of  condensation  will  be  avoided. 
Fig.  66  shows  a  good  position  for  the  valve. 

The  return  connection  is  made  through  the  blow-off  pipe  and 
should  be  arranged  so  that  the  boiler  can  be  blown  off  without 
draining  the  returns.  A  check  valve  should  be  placed  in  the 
main  return  and  a  plug  cock  in  the  blow-off  pipe.  Fig.  67  shows 
in  plan  a  good  arrangement  for  these  connections. 

Blow-Off  Tank.  Where  the  blow-off  pipe  connects  with  a 
sewer  some  means  must  be  provided  for  cooling  the  water  or  the 
expansion  and  contraction  caused  by  the  hot  water  flowing 
through  the  drain  pipes  will  start  the  joints  and  cause  leaks.  For 
this  reason  it  is  customary  to  pass  the  water  through  a  blow-off 
tank.  A  form  of  wrought  iron  tank  is  shown  in  Fig.  68.  It 
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consists  of  a  receiver  supported  on  cast-iron  cradles.     The  tank 
ordinarily  stands  nearly  full  of  cold  water. 

The  pipe  from  the  boiler  enters  above  the  water  line,  and  the 
sewer  connection  leads  from  near  the  bottom  as  shown.  A  vapor 
pipe  is  carried  from  the  top  of  the  tank  above  the  roof  of  the 
building.  When  water  from  the  boiler  is  blown  into  the  tank 


Fig.  67. 

cold  water  from  the  bottom  flows  into  the  sewer  and  the  steam  is 
carried  off  through  the  vapor  pipe.  The  equalizing  pipe  is  to 
prevent  any  siphon  action  which  might  draw  the  water  out  of -the 
tank  after  a  flow  was  once  started.  As  only  a  part  of  the  water 
is  blown  out  of  a  boiler  at  one  time  the  blow-off  tank  can  be  of  a 
comparatively  small  size.  A  tank  24"  X  48"  should  be  large 
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Fig.  68. 

enough  for  b.oilers  up  to  48  inches  in  diameter  and  one  36" 
X  72"  should  care  for  a  boiler  72  inches  in  diameter.  If  smaller 
quantities  of  water  are  blown  off  at  a  time  smaller  tanks  can  be 
used.  The  sizes  given  above  are  sufficient  for  batteries  of  2  or 
more  boilers,  as  one  boiler  can  be  blown  off  and  the  water  allowed 
to  cool  before  a  second  one  is  blown  off.  Cast  iron  tanks  are 
often  used  in  place  of  wrought  iron  and  these  may  be  sunken  in 
the  ground  if  desired. 
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PART     II. 


INDIRECT   STEAH   HEATING. 

Types  of  Heaters.  Various  forms  of  indirect  radiators  have 
been  shown  in  Figs.  8,  9, 14  and  15  of  Part  I.  A  hot-water  radiator 
may  be  used  for  steam  but  a  steam  radiator  cannot  always  be  used 
for  hot  water  as  it  must  be  especially  designed  to  produce  a  con- 
tinuous flow  of  water  through  it  from  top  to  bottom.  Figs.  1  ana 


Fig.  1. 

2  show  the  outside  and  the  interior  construction  of  a  common 
pattern  of  indirect  radiator  designed  especially  for  steam.  The 
arrows  in  Fig.  2  indicate  the  path  of  the  steam  through  the 


.       Fig-  2. 

radiator  which  is  supplied  at  the  right  while  the  return  connection 
is  at  the  left.  The  air  valve  in  this  case  should  be  connected  in 
the  end  of  the  last  section  near  the  return. 

A  very  efficient  form  of  radiator  and  one  that  is  especially 
adapted  to  the  warming  of  large  volumes  of  air  as  in  schoolhouse 
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work,  is  shown  in  Fig.  3,  and  is  known  as  the  "School  pin" 
radiator.  This  can  be  used  for  either  steam  or  hot  water  as  there 
is  a  continuous  passage  downward  from  the  supply  connection  at 
the  top  to  the  return  at  the  bottom.  These  sections  or  slabs  are 
made  up  in  stacks  after  the  manner  shown  in  Fig.  4  which  repre- 


Fig.  3. 

sents  an  end  view  of   several  sections  connected    together   with 
special  nipples. 

A  very  efficient  form  of  indirect  heater  may  be  made  up  of 
wrought  iron  pipe  joined  together  with  branch  tees  and  return 
bends.  A  heater  like  that 
shown  in  Fig.  5  is  known  as  a 
"box  coil."  Its  efficiency  is 
increased  if  the  pipes  are 
"  staggered,"  that  is,  if  the 
pipes  in  alternate  rows  are 
placed  over  the  spaces  between 
those  in  the  row  below. 

Stacks  and  Casings.  It 
has  already  been  stated  that  a 
group  of  sections  connected  to- 
gether is  called  a  stack,  and  ex-  Fig.  4. 
amples  of  these  with  their  casings  are  shown  in  Figs.  6  and  7  of 
Part  I.  The  casings  are  usually  made  of  galvanized  iron  and  are 
made  up  in  sections  by  means  of  small  bolts  so  that  they  may  be 
taken  apart  in  case  it  is  necessary  to  make  repairs.  Large  stacks 
are  often  enclosed  in  brick  work  ;  the  sides  consisting  of  8-inch  walls 
and  the  top  being  covered  over  with  a  layer  of  brick  and  mortar 
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supported  on  light  wrought  iron  tee  bars.  Where  a  single  stack 
supplies  several  flues  or  registers  the  connections  between  these 
and  the  warm-air  chamber  are  made  in  the  same  manner  as  already 
described  for  furnace  heating.  When  galvanized  iron  casings  are 
used  the  heater  is  supported  by  hangers  from  the  floor  above. 
Fig.  6  shows  the  method  of  hanging  a  heater  from  a  wooden 
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Fig.  6. 

floor.  If  the  floor  is  of  fireproof  construction  the  hangers  may 
pass  up  through  the  brickwork  and  the  ends  be  provided  with  nuts 
and  large  washers  or  plates  ;  or  they  can  be  clamped  to  the  iron 
beams  which  carry  the  floor.  Where  brick  casings  are  used,  the 
heaters  are  supported 
upon  pieces  of  pipe  or 
light  I-beams  built  into 
the  walls. 

Dampers,  The 
general  arrangement  of 
a  galvanized  iron  casing 
and  mixing  damper  is 
shown  in'  Fig.  7.  The  cold-air  duct  is  brought  along  the 
basement  ceiling  from  the  inlet  window  and  connects  with 
the  cold-air  chamber  beneath  the  heater.  The  entering  air 
passes  up  between  the  sections  and  rises  through  the  register 
above,  as  shown  by  the  arrows.  When  the  mixing  damper  is 
in  its  lowest  position  all  air  reaching  the  register  must  pass 
through  the  heater,  but  if  the  damper  is  raised  to  the  position 
shown,  part  of  the  air  will  pass  by  without  going  through  the 
heater  and  the  mixture  entering  through  the  register  will  be  at  a 
lower  temperature  than  before.  By  changing  the  position  of  the 
damper  the  proportions  of  warm  and  cold  air  delivered  to  the 
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room  can  be  varied,  thus  regulating  the  temperature  without 
diminishing,  to  any  great  extent,  the  quantity  of  air  delivered. 
The  objection  to  this  form  of  damper  is  that  there  is  a  tendency 


FLOOR 


GALVANIZED  IRON      SLICING  JDQOFt 
CAStNG  • 

Fig.  7. 


for  the  air  to  enter  the  room'  before  it  is  thoroughly  mixed,  that 
is,  a  stream  of  warm  a>_-  will  rise  through  one  half  of  the  register 
while  cold  air  enters  through  the  other.  This  is  especially  true  if 


Fig.  8. 

the  connection  between  the  damper  and  register  is  short.  Fig.  8 
shows  a  similar  heater  and  mixing  damper,  with  brick  casing. 
Cold  air  Is  admitted  to  the  large  chamber  below  the  heater  and 
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rises  through  the  sections  to  the  register  as  before.  The  action  oi 
the  mixing  damper  is  the  same  as  already  described.  Several 
flues  or  registers  may  be  connected  with  a  stack  of  this  form,  each 
connection  having  its  own  mixing  damper. 

The  arrangement  shown  in  Fig.  9  is  somewhat  different  and 
overcomes  the   objection  noted  in  connection  with  Fig.  7  by  sub- 


Fig.  9. 

stituting  another.  The  mixing  damper  in  this  case  is  placed  at 
the  other  end  of  the  heater.  When  it  is  in  its  highest  position 
all  of  th  j  air  muf,t  pass  through  the  heater  before  reaching  the 
register,  but  when  partially  lowered  a  part  of  the  air  passes  ovei 
the  heater  and  the  result  is  a  mixture  of  cold  and  warm  air,  in 
proportions  depending  upon  the  position  of  the  damper.  As  the 
layer  of  warm  air  in  this  case  is  below  the  cold  air,  it  tends  to  rise 
through  it,  and  a  more  thorough  mixture  is  obtained  than  is  pos 
sible  with  the  damper  shown  in  Fig.  8.  One  quite  serious 
objection  however  to  this  forir,  of 
damper  is  illustrated  in  Fig.  10. 
When  the  dampfcr  is  nearly  closed 
so  that  the  greater  part  of  the  air  Fig.  10. 

enters  above  the  heater,  it  has  a  tendency  to  fall  between  the 
sections,  as  shown  by  the  arrows,  and  becoming  heated  rises  again, 
so  that  it  is  impossible  to  deliver  air  to  a  room  below  a  certain 
temperature.  This  peculiar  action  increases  as  the  quantity  of  air 
admitted  below  the  heater  is  diminished.  When  the  inlet  register 
is  placed  in  the  wall  at  some  distance  above  the  floor,  as  in 
schoolhouso  work,  a  thorough  mixture  of  air  can  be  obtained  by 
placing  the  heater  so  that  the  current  of  warm  air  will  pass  up  the 
front  of  the  flue  and  be  discharged  into  the  room  through  the 
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lower  part  of  the  register.  This  is  shown  quite  clearly  in  Fig.  11 
where  the  current  of  warm  air  is  represented  by  crooked  arrows 
and  the  cold  air  by  straight  arrows.  The  two  currents  pass  up 
the  flue  separately,  but  as  soon  as  they  are  discharged  through  the 
register  the  warm  air  tends  to  rise,  and  the  cold  air  to  fall,  with 
the  result  of  a  more  or  less  complete  mixture  as  shown. 

It  is  often  desirable  to  warm  a  room  at  times  when  ventilation 


Fig.  11. 

is  not  necessary,  as  in  the  case  of  living  rooms  during  the  night, 
or  for  quick  warming  in  the  morning.  A  register  and  damper  for 
air  rotation  should  be  provided  in  this  case.  Fig.  12  shows  an 
arrangement  for  this  purpose.  When  the  damper  is  in  the  position 
shown,  air  will  be  taken  from  the  room  above  and  be  warmed  over 
and  over,  but  by  raising  the  damper,  the  supply  will  be  taken 
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from  outside.  Special  care  should  be  taken  to  make  all  mixing 
dampers  tight  against  air  leakage,  else  their  advantages  will  be 
lost.  They  should  work  easily  and  close  tightly  against  flanges 
covered  with  felt.  They  may  be  operated  from  the  rooms  above 
by  means  of  chains  passing  over  guide  pulleys;  special  attach- 
ments should  be  provided  for  holding  in  any  desired  position. 

Size  of  Heaters.  The  efficiency  of  an  indirect  heater  depends 
upon  its  form,  the  difference  in  temperature  between  the  steam 
and  the  surrounding  air,  and  the  velocity  -with  which  the  air 
passes  over  the  heater.  Under  ordinary  conditions  in  dwelling- 
house  work,  a  good  form  of  indirect  radiator  will  give  off  about 
2  B.  T.  U.  per  square  foot  per  hour  for  each  degree  difference  in 
temperature.  Assuming  a  steam  pressure  of  2  pounds  and  an 
outside  temperature  of  zero  we  should  have  a  difference  in  tern- 
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Fig.  12. 


perature  of  about  220  degrees,  which  under  the  conditions  stated 
would  give  an  efficiency  of  220  X  2  =  440  B.  T.  U.  per  hour  for 
each  square  foot  of  radiation.  By  making  a  similar  computation 
for  10  degrees  below  zero  we  find  the  efficiency  to  be  460.  In 
the  same  manner  we  may  calculate  the  efficiency  for  varying  con- 
ditions of  steam  pressure  and  outside  temperature.  In  the  case 
of  schoolhouses  and  similar  buildings  where  large  volumes  of  air 
are  warmed  to  a  moderate  temperature,  a  somewhat  higher  efficiency 
is  obtained  due  to  the  increased  velocity  of  the  air  over  the  heaters. 
Where  efficiencies  of  440  and  460  <ire  used  for  dwellings,  we  may 
substitute  600  and  620  for  school-houses.  This  corresponds 
approximately  to  2.7  B.  T.  U.  per  square  foot  per  hour  for  a  differ- 
ence of  1  degree  between  the  air  and  steam. 

The  principles  involved  in  indirect  steam  heating  are  similar 
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to  those  already  described  in  furnace  heating.  Part  of  the  heat 
given  off  by  the  radiator  must  be  used  in  warming  up  the  air 
supply  to  the  temperature  of  the  room,  and  part  for  offsetting  the 
loss  by  conduction  through  walls  and  windows.  The  method  of 
computing  the  heating  surface  required,  depends  upon  the  volume 
of  air  to  be  supplied  to  the  room.  In  the  case  of  a  schoolroom  or 
hall,  where  the  air  quantity  is  large  as  compared  with  the  ex- 
posed wall  and  window  surface  we  should  proceed  as  follows : 

First  compute  the  B.  T.  U.  required  for  loss  by  conduction 
through  walls  and  windows,  and  to  this  add  the  B.  T.  U.  required 
for  the  necessary  ventilation,  and  divide  the  sum  by  the  efficiency 
of  the  radiators.  An  example  will  make  this  clear. 

How  many  square  feet  of  indirect  radiation  will  be  required 
to  warm  and  ventilate  a  schoolroom  in  zero  weather,  where  the 
heat  loss  by  conduction  through  walls  and  windows  is  36000 
B.  T.  U.  and  the  air  supply  is  100,000  cubic  feet  per  hour?  By 
the  methods  given  under  "  Heat  for  Ventilation  "  we  have 
100,000  X  70  _197979_ 

55 
B.  T.  U.  required  for  ventilation. 

36,000  +  127,272  =:  163,272  B.  T.  U/=  the  total  heat  re- 
quired, and  this  in  turn  divided  by  600  (the  efficiency  of  indirect 
radiators  under  these  conditions)  gives  272  square  feet  of  surface 
required. 

In  the  case  of  a  dwelling-house  the  conditions  are  somewhat 
changed,  for  a  room  having  a  comparatively  large  exposure  will 
perhaps  have  only  2  or  3  occupants,  so  that  if  the  small  air  quan- 
tity necessary  in  this  case  was  used  to  convey  the  required  amount 
of  heat  to  the  room,  it  would  have  to  be  raised  to  an  excessively 
high  temperature.  It  has  been  found  by  experience  that  the 
radiating  surface  neceasary  for  indirect  heating  is  about  50  per 
cent  greater  than  that  required  for  direct  heating.  So  for  this 
work  we  may  compute  the  surface  required  for  direct  radiation 
and  multiply  the  result  by  1.5. 

Buildings  like  hospitals  are  in  a  class  between  dwellings  and 
school  houses.  The  air  supply  is  based  on  the  number  of  occu- 
pants, as  in  schools,  but  other  conditions  coaform  more  nearly  to 
dwelling  houses. 
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To  obtain  the  radiating  surface  for  buildings  of  this  class,  we 
compute  the  total  heat  required  for  warming  a^d  ventilation  as  in 
the  case  of  schoolhouses,  and  divide  this  sum  by  the  efficiencies 
given  for  dwellings,  that  is  440  for  zero  weather  and  460  for  10 
degrees  below. 

Example.  A  hospital  ward  requires  50,000  cubic  feet  of  air 
per  hour  for  ventilation,  and  the  heat  loss  by  conduction  through 
walls,  etc.  is  100,000  B.  T.  U.  per  hour.  How  many  square  feet 
of  indirect  radiation  will  be  required  to  warm  the  ward  in  zero 
weather. 

(50,000  X  70)  -h  55  =  63,636  B.  T.  U.  for  ventilation  :  then, 
63,636  +  100,000  =  ^ 
440 

Example^ —  A  school  room  having  40  pupils  is  to  be  warmed 
and  ventilated  when  it  is  10  degrees  below  zero.  If  the  heat  loss 
by  conduction  is  30,000  B.  T.  U.  per  hour  and  the  air  supply  is  to 
be  40  cubic  feet  per  minute  per  pupil,  how  man}'  square  feet  of 
indirect  radiation  will  be  required  ? 

B.  T.  U.  required  for  ventilation  per  hour 

=  (40  X  40  X  60  X  80)  ~  55  =  139,636. 

Total  B.  T.  U.  required  =  139,636  -f  30,000  =  169,636. 

Surface  required  =  169,636  -f-  620  =  273  square  fee*. 

Example. —  The- heat  loss  from  a  sitting  room  is  11,250 
B.  T.  U.  per  hour  in  zero  weather.  How  many  square  feet  of 
indirect  radiation  will  be  required  to  warm  it  ?  - 

From  Part  I,  page  56,  we  have  11250  -f-  225  =  50  square 
feet;  here,  then,  we  need  50  X  1.5  =  75  square  feet. 

Warm-Air  Flues.  The  required  size  of  the  warm-air  flue 
between  the  heater  and  the  register,  depends  first  upon  the  differ- 
ence in  temperature  between  the  air  in  the  flue  and  that  of  the 
room,  and  second,  upon  the  height  of  the  flue.  In  dwellings, 
hospitals,  etc.,  where  the  conditions  are  practically  constant,  it  is 
customary  to  allow  2  square  inches  area  for  each  square  foot  of 
radiation  when  the  room  is  on  the  first  floor,  and  1J  square  inches 
when  it  is  on  the  second  floor. 

In  schoolhouse  work  it  is  more  usual  to  calculate  the  size  of 
flue  from  an  assumed  velocity  of  air  flow  through  it.  This  will  vary 
greatly  according  to  the  outside  temperature  and  the  prevailing 
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wind  conditions.  The  following  figures  may  be  taken  as  average 
velocities  obtained  in  practice,  and  may  be  used  as  a  basis  for  cal- 
culating the  required  flue  areas  for  the  different  stories  of  a  school 
building. 

1st  floor  280  feet  per  minute. 
2nd    "     340    "     "         " 
3rd     •'     400    "     "         » 

These  velocities  will  be  increased  somewhat  in  windy  weather 
and  will  be  reduced  when  the  atmosphere  is  damp. 

Having  assumed  these  velocities,  and  knowing  the  number  of 
cubic  feet  of  air  to  be  delivered  to  the  room  per  minute,  we  have 
only  to  divide  this  quantity  by  the  assumed  velocity,  to  obtain  the 
required  flue. area  in  square  feet. 

Example  —  A  schoolroom  on  the  second  floor  is  to  have  an 
air  supply  of  2,000  cubic  feet  per  minute.;  what  will  be  the 
required  flue  area? 

2000  -f-  340  =  5.8  -f-  sq.  feet  Ans. 

The  velocities  would  be  higher  in  the  coldest  weather  and  dampers 
should  be  placed  in  the  flues  for  throttling  the  air  supply  when 
necessary. 

Cold-Air  Ducts.  The  cold-air  ducts  supplying  heaters  should 
be  planned  in  a  similar  manner  to  that  described  for  furnace  heat- 
ing. The  air  inlet  should  be  on  the  north  or  west  side  of  the 
building,  but  this  of  course  is  not  always  possible.  The  method 
of  having  a  large  trunk  line  or  duct  with  inlets  on  two  or  more 
sides  of  the  building  should  be  carried  out  when  possible.  A  cold- 
air  room  with  large  inlet  windows,  and  ducts  connecting  with  the 
heaters  make  a  good  arrangement  for  schoolhouse  work.  The 
inlet  windows  in  this  case  should  be  provided  with  check  valves 
to  prevent  any  outward  flow  of  air.  A  detail  of  this  arrangement 
is  shown  in  Fig.  13. 

This  consists  of  a  boxing  around  the  window,  extending  from 
the  floor  to  the  ceiling.  The  front  is  sloped  as  shown  and  is 
closed  from  the  ceiling  to  a  point  below  the  bottom  of  the  window. 
The  remainder  is  open  and  covered  with  a  wire  netting  of  about 
£  inch  mesh ;  to  this  are  fastened  flaps  or  checks  of  gossamer 
cloth  about  6  inches  in  width.  These  are  hemmed  on  both  edges 
and  a  stout  wire  is  run  through  the  upper  hem  which  is  fastened 
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to  the  netting  by  means  of  small  copper  or  soft  iron  wire.  The 
checks  allow  the  air  to  flow  inward  but  close  when  there  is  any 
tendency  for  the  current  to  reverse. 

The  area  of  the  cold-air  duct  for  any  heater  should  be  about 
three-fourths  the  total  area  of  the  warm  air  ducts  leading  from  it. 

A  common  rule  for  dwelling  houses  and  similar  work  is  to 
allow  li  square  inches  of  area  for  each  square  foot  of  radiating 
surface.  The  inlet  windows  should  be  provided  with  some  form 
of  damper  or  slide, 
outside  of  which 
should  be  placed  a 
wire  grating,  backed 
by  a  netting  of  about 
|  inch  mesh. 

Vent  Flues.  In 
dwelling  houses  vent 
flues  are  often  omitted 
and  the  frequent  open- 
ing of  doors  and  leak- 
age are  depended 
upon  to  carry  away 
the  impure  air.  A 
well  designed  system 
of  warming  should 
provide  some  means 
for  discharge  ventilation,  especially  for  bath  and  toilet  rooms,  and 
also  f3r  living  rooms  where  lights  are  burned  in  the  evening. 
The  sizes  of  flues  may  be  made  the  reverse  of  the  warm-air  flues, 
that  is,  1£  square  inches  area  per  square  foot  of  indirect  radia- 
tion for  rooms  on  the  first  floor  and  2  square  inches  for  those 
on  the  second.  This  is  because  the  velocity  of  flow  will  de- 
pend upon  the  height  of  flue  and  will  therefore  be  greater  from 
the  first  floor.  The  flues  should  be  joined  together  in  the  attic 
and  then  carried  through  the  roof  where  a  ventilating  hood  should 
be  provided,  especially  designed  to  keep  out  the  rain  and  snow.  A 
good  form  is  shown  in  Fig.  14. 

Very  good  results  may  be  obtained  by  simply  letting  the  flues 
open  into  an  unfinished  attic  and  depending  upon  leakage  through 


'    Fig.  13.     . 
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the  roof  to  carry  away  the  foul  air.  The  flow  of  air  through  the 
vents  will  be  slow  at  best  unless  some  means  is  provided  for  warm- 
ing the  air  in  the  flue  to  a  temperature  above  that  of  the  room  with 
which  it  connects.  This  may  be  done  by  carrying  up  a  loop  of 
steam  pipe  inside  of  the  flue.  It  should  be  connected  for  drain- 
age and  air  venting  as  shown  in  Fig.  15. 

For  schoolhouse  work  we  may  assume  average  velocities 
through  the  vent  flues  as  follows  : 

1st  floor  340  feet  per  min. 
2nd  "     280     «      "      " 
3rd    "     220     «      «       « 

Where  flue  sizes  are  based  on  these  velocities  it  is  well  to 
guard  against  down  drafts  by  plac- 
ing an  aspirating  coil  in  the  flue. 
A  single  row  of  pipes  across  the  flue 
as  shown  in  Fig.  16  is  usually  suffi- 
cient for  this  purpose.  The  slant 
height  of  the  heater  should  be  about 
twice  the  depth  of  the  flue  so  that 
the  area  between  the  pipes  shall  equal 
the  free  area  of  the  flue. 

Large  vent  flues  of  this  kind 
should  always  be  provided  with  dam- 
pers for  closing  at  night  and  for 
regulation  during  strong  winds. 
Sometimes  it  is  desired  to  move  a  given  quantity  of  air  through 
a  flue  which  is  already  in  place. 

Table  I  shows  what  velocities  may  be  obtained  through 
flues  of  different  heights  for  varying  differences  in  temperature 
between  the  outside  air  and  that  in  the  flue. 

Example.  —  It  is  desired  to  discharge  1300  cubic  feet  of  air 
per  minute  through  a  flue  having  an  area  of  4  square  feet  and  a 
height  of  30  feet..  If  the  efficiency  of  an  aspirating  coil  is  400 
B.  T.  U.  how  many  square  feet  of  surface  will  be  required  to 
move  this  amount  of  air  when  the  temperature  of  the  room  is  70° 
and  the  outside  temperature  is  60°  ? 

1300  -7-  4  =  325  feet  per  minute  =  velocity  through  the 
flue.  Looking  in  table  I  and  following  along  the  line  oppo- 


Fig.  14. 
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site  a  30-foot  flue  we  find  that  to  obtain  this  velocity  there  must 
be  a  difference  of  30  degrees  between  the  air  in  the  flue  and  the 
external  air.  If  the  outside  temperature  is  60  degrees  then  the 
air  in  the  flue  must  be  raised  to  60  -f-  30  =  90  degrees.  The  air 

TABLE  I. 


Height  of 
Flue  in 
Feet. 

Excess  of  Temperature  of  Air  in  Flue  above  that  of  External  Air. 

5° 

10° 

15° 

20° 

30° 

50° 

5 

55 

76 

94 

109 

134 

167 

10 

77 

108 

133 

153 

188 

242 

15 

94 

133 

162 

188 

230 

297 

20 

108 

153 

188 

217 

265 

342 

25 

121 

171 

210 

242 

297 

383 

30 

133 

188 

230 

265 

325 

419 

35 

143 

203 

248 

286 

351 

453 

40 

153 

217 

265 

306 

375 

484 

45 

162 

230 

282 

325, 

398 

514 

50 

171 

242 

297 

342- 

419 

541 

60 

188 

264 

325 

373 

461 

594 

of  the  room  being  at  70  degrees,  a  rise  of  20  degrees  is  necessary, 
so  the  problem  resolves  itself  into  the  following  —  What  amount 
of  heating  surface,  having  an  efficiency  of  400  B.  T.  U.  is  neces- 


Fig.  15. 

sary  to  raise  1300  cubic  feet  of  air  per  minute  through  20  degrees? 
1300  cubic  feet  per  minute  =  1300  X  60  =  78,000  per  hour, 
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and  making  use  of  our  formula  for   "  heat  for   ventilation,"   we 
have 

78,000  X  20  _  28  g68  B   T  n 

55 

and   this  divided  by  400  =  71    square   feet  of   heating  surface 
required. 

S/Z>C     V/£W 


I 


Fig.  16. 


Example. —  What  size  of  heater  will  be  required  in  a  vent 
flue  40  feet  high  and  with  an  area  of  5  square  feet,  to  enable  it  to 
discharge  1530  cubic  feet  per  minute,  when  the  outside  tempera- 
ture is  60°  ?  (Assume  a  heater  efficiency  of  400  B.  T.  U.) 

Velocity  in  flue  =  1530  —  5  =  306  feet  per  minute. 

Temperature  excess,  from  Table  I,  =  20  degrees. 

B.T.  U.  required  per  hour  =  1530  X  60  X  10  -4-  55  =  16690 
requiring  16690  -4-  400  =  41.7  square  feet  of  heater. 

Registers.  Registers  are  made  of  cast  iron  and  bronze,  in  a 
great  variety  of  sizes  and  patterns.  The  universal  finish  for  cast 
iron  is  black  "  Japan  "  ;  they  are  also  finished  in  colors  and  electro- 
plated with  copper  and  nickel.  Fig.  17  shows  a  section  through 
a  floor  register  in  which  "  A  "  represents  the  valves,  which  may  be 
turned  in  a  vertical  or  horizontal  position,  thus  opening  or  closing 
the  register ;  "  B  "  is  the  iron  border,  "  C  "  the  register  box  of  tin 
or  galvanized  iron  and  "  D  "  the  warm-air  pipe.  Floor  registers 


HEATING  AND  VENTILATION. 


are  usually  set  in  cast  iron  borders,  one  of  which  is  shown  in  Fig. 
18,  while  wall  registers  may  be  screwed  directly  to  wooden  borders 
or  frames  to  correspond  with  the  finish  of  the  room.  Wall  regis- 
ters should  be  provided  with  pull  cords  for  opening  and  closing 
from  the  floor ;  these  are  shown  g  g 

in  Fig.  19.     The   plain  lattice  W 


pattern  shown  in  Fig.  20  is  the  J 

best  for  schoolhouse  work  as  it  4 

has  a  comparatively  free  open-  4 

ing  for  air  flow  and  is  pleasing  | 

and   simple   in    design.       More  ^ 

elaborate  patterns  are  used  for 

fine   dwelling-house   work.      Registers  with   shut-off   valves  are 

used  for  air  inlets  while  the  plain  register  faces  without  the  valves 

are  placed  in  the  vent  openings.     The    vent   flues   are   usually 


Fig.  18. 

gathered  together  in  the  attic  and  a  single  damper  may  be  used  to 
shut  off  the  whole  number  at  once.  Flat  or  round  wire  gratings 
of  open  pattern  are  often  used  in  place  of  register  faces.  The 
grill  or  solid  part  of  a  register  face  usually  takes  up  about  ^  of  the 
area,  hence  in  computing  the  size  we  must  allow  for  this  by  multiply- 
ing the  required  "net  area"  by  1.5  to  obtain  the  "total"  or 
"  over  all  "  area. 

For  example,  suppose  we  have  a  flue  10  inches  in  width  and 
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wish  to  use  a  register  having  a  free  area  of  200  square  inches, 
what  will  be  the  required  height  of  the  register?  200  X  1.5  =  300 
square  inches  which  is  the  total  area  required,  then  300  4-  10  =  30, 
which  is  the  required  height  and  we  should  use  a  10"  X  30" 
register.  When  a  register  is  spoken  of  as  a  10"  X  30"  or 
10"  X  20",  etc.  the  dimensions  of  the  latticed  opening  is  meant, 
and  not  the  outside  dimensions  of  the  whole  register.  The  free 
opening  should  have  the  same  area  as  the  flue  with  which  it 
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FOR 
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Fig.  19.  Fig.  20. 

connects.  In  designing  new  work  one  should  provide  himself 
with  a  trade  catalogue,  and  use  only  standard  sizes  as  special 
patterns  and  sizes  are  costly.  Fig.  21  shows  the  method  of 
placing  gossamer  check  valves  back  of  the  vent  register  faces 
to  prevent  down  drafts,  the  same  as  described  for  fresh-air  inlets. 
Pipe  Connections.  The  two-pipe  system  with  dry  or  sealed 
returns  is  used  in  indirect  heating.  The  conditions  to  be  met  are 
practically  the  same  as  in  direct  heating,  the  only  difference  being 
that  the  radiators  are  at  the  basement  ceiling  instead  of  on  the 
floors  above.  The  exact  method  of  making  the  pipe  connec- 
tions will  depend  somewhat  upon  existing  conditions,  but  the 
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general  method  shown  in  Fig.  22  may  be  used  as  a  guide  with 
modifications  to  suit  any  special  case.  The  ends  of  all  supply 
mains  should  be  dripped,  and  the  horizontal  returns  should  be 
sealed  if  possible. 

Pipe  Sizes.  The  tables  already  given  for  the  proportioning 
of  pipe  sizes  can  be  used  for  indirect  systems.  The  following 
table  has  been  computed  for  an  efficiency  of  640  B.  T.  U.  per 
square  foot  of  surface  per  hour,  which  corresponds  to  a  condensa- 
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Fig.  21. 

tion  of  ^  of  a  pound  of  steam.  This  is  twice  that  allowed  foi 
direct  radiation  in  table  XIII.  of  Part  I.,  so  that  we  can  consider 
1  square  foot  of  indirect  surface  as  equal  to  2  of  direct  in  com- 
puting pipe  sizes. 

As  the  indirect  heaters  are  placed  in  the  basement,  care  must 
be  taken  that  the  bottom  of  the  radiator  does  not  come  too  near 
the  water  line  of  the  boiler,  or  the  condensation  will  not  flow  back 
properly  ;  this  distance  should  not  be  less  than  2  feet  under 
ordinary  conditions.  If  much,  less  than  this,  the  pipes  should  be 
made  extra  large  so  there  may  be  little  or  no  drop  in  pressure 
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between  the  boiler  and  the  heater.     A  drop  in  pressure  of  1  pound 
would  raise  the  water  line  at  the  heater  2.4  feet. 

Direct-Indirect  Heating.  The  general  form  of  a  direct- 
indirect  radiator  has  been  shown  in  Figs.  10  and  11  of  Part  I. 
Another  form  where  the  air  is  admitted  to  the  radiator  through  the 
wall  instead  of  the  floor  is  shown  in  Fig.  23.  Fig.  24  shows  the  wall 
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Fig.  22. 

box  with  louvre  slats,  and  netting,  through  which  the  air  is  drawn. 
A  damper  door  is  placed  at  either  end  of  the  radiator  base,  and  if 
desired,  when  the  cold  air  supply  is  shut  off  by  means  of  the 
register  in  the  air  duct,  the  radiator  can  be  converted  into  the 
ordinary  type  by  opening  both  damper  doors,  thus  taking  the  air 
from  the  room  instead  of  from  the  outside.  It  is  customary  to 
increase  the  size  of  a  direct-indirect  radiator  30  per  cent,  above 
that  called  for  in  the  case  of  direct  heating. 
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TABLE  II. 


Size  of 


Square  Feet  of  Indirect  Radiation  which  will  be  Supplied  with 


Pipe. 

|  Pound  Drop  in  200  Feet. 

J  Pound  Drop  in  100  Feet. 

i  Pound  Drop  in  100  Feet. 

1 

28 

40 

57 

11 

51 

72    ' 

105 

l| 

67 

95 

170 

2 

185 

262 

375 

2I 

335 

475 

675 

3 

540 

775 

1105 

3I 

812 

1160 

1645 

4 

1140 

1625 

2310 

5 

2030 

2900 

4110 

6 

3260 

4660 

6600 

7 

4830 

6900 

9810 

8 

6800 

9720 

13860 

CARE  AND  HANAGEMENT  OF   STEAM  HEATING  BOILERS. 

Special  directions  are  usually  supplied  by  the  maker  for  each 
kind  of  boiler,  or  for  those  which  are  to  be  managed  in  any 
peculiar  way.  The  following  general  directions  apply  to  all 
makes,  and  may  be  used  regardless  of  the  type  of  boiler  em- 
ployed. 

Before  starting  the  fire  see  that  the  boiler  contains  sufficient 
water.  The  water  line  should  be  at  about  the  center  of  the 


The  smoke  pipe  and  chimney  flue  should  be  clean  and  the 
draft  good. 

Build  the  fire  in  the  usual  way,  using  a  quality  of  coal 
which  is  best  adapted  to  the  heater.  In  operating  the  fire  keep 
the  fire-pot  full  of  coal  and  shake  down  and  remove  all  ashes  and 
cinders  as  often  as  the  state  of  the  fire  requires  it. 

Hot  ashes  or  cinders  must  not  be  allowed  to  remain  in  the 
ash  pit  under  the  grate  bars  but  must  be  removed  at  regular  in- 
tervals to  prevent  burning  out  the  grate. 

To  control  the  fire  see  that  the  damper  regulator  is  properly 
attached  to  the  draft  doors,  and  the  damper ;  then  regulate  the 
draft  by  weighting  the  automatic  lever  as  may  be  required  to 
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obtain  the  necessary  steam  pressure  for   warming.     Should    the 

water  in  the  boiler  escape  by  means  of  a  broken  gage  glass,  or 

from  any  other  cause,  the  fire  should  be  dumped,  and  the  boiler 

allowed  to  cool  before  adding  cold  water. 

An  empty  boiler  should  never  be  filled  when  hot.     If  the 

water  gets   low    at  any  time,  but  still  shows  in  the  gage  glass, 

more  water  should  be  added 
by  the  means  provided  for  this 
purpose. 

The  safety  valve  should  be 
lifted  occasionally  to  see  that 
it  is  in  woiking  order. 

If  the  boiler  is  used  in 
connection  with  a  gravity  system 
it  should  be  cleaned  each  year 
by  filling  with  pure  water  and 
emptying  through  the  blow-off. 
If  it  should  become  foul  or 
dirty  it  can  be  thoroughly 
cleansed  by  adding  a  few 
pounds  of  caustic  soda  and 
allowing  it  to  stand  for  a  day 
and  then  emptying  and  thor- 
oughly rinsing. 

During  the  summer  months 
it  is  recommended  that  the 

water  be  drawn  off  from   the  system,  and   that  air  valves   and 

safety  valves  be  opened  to  permit  the  heater  to  dry  out  and  to 

remain  so. 

Good  results  are  however  obtained  by  filling  the  heater  full 

of  water,  driving  off  the  air  by  boiling  slowly,  and  allowing  it 

to  remain  in  this  condition  until  needed  in  the  fall.     The  water 

should  then  be  drawn  off  and  fresh  water  added. 

The  heating  surface  of  the  boilershould.be  kept  clean  and 

free  from  ashes  and  soot  by  means  of  a  brush  made  especially  for 

this  purpose. 

Should  any  of  the    rooms    fail  to  heat,  examine  the  steam 

valves  at  the  radiators.     If   a  two-pipe    system    both    valves    at 
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each  radiator  must  be  opened  or  closed  at  the  same  time  as  re- 
quired.    See  that  the  air  valves  are  in  working  condition. 

If  the  building  is  to  be  unoccupied  in  cold  weather  draw 
all  the  water  out  of  the  system  by  opening  the  blow-off  pipe  at 
the  boiler  and  all  steam  and  air  valves  at  the  radiators. 

HOT   WATER   HEATERS, 

Types.  Hot  water  heaters  differ  from  steam  boilers  principally 
in  the  omission  of  the  reservoir  or  space  for  steam  above  the  heat- 
ing surface.  The  steam  boiler  might  answer  as  a  heater  for  hot 
water,  but  the  large  capacity  left  for  the  steam  would  tend  to 
make  its  operation  slow  and  rather  unsatisfactory,  although  the 


Fig.  24. 

same  type  of  boiler  is  sometimes  used  for  both  steam  and  hot 
water.  The  passages  in  a  hot  water  heater  need  not  extend  so 
directly  from  bottom  to  top  as  in  a  steam  boiler,  since  the  problem 
of  providing  for  the  free  liberation  of  the  steam  bubbles  does  not 
have  to  be  considered.  In  general,  the  heat  from  the  furnace 
should  strike  the  surfaces  in  such  a  manner  as  to  increase  the 
natural  circulation  ;  this  may  be  accomplished  to  a  certain  extent 
by  arranging  the  heating  surface  so  that  a  large  proportion  of  the 
direct  heat  will  be  absorbed  near  the  top  of  the  heater.  Practi- 
cally the  boilers  for  low-pressure  steam  and  for  hot  water  differ 
from  each  other  very  little  as  to  the  character  of  the  heating-sur- 
face, so  that  the  methods  already  given  for  computing  the  size  of 
grate  surface,  horsepower,  etc.,  under  the  head  of  steam  boilers 
can  be  used  with  satisfactory  results  in  the  case  of  hot  water 
heaters.  It  is  sometimes  stated  that  owing  to  the  greater  differ- 
ence in  temperature  between  the  furnace  gases  and  the  water  in  a 
hot  water  heater,  as  compared  with  steam,  that  the  heating  sur- 
face will  be  more  efficient  and  that  a  smaller  heater  can  be  used; 
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while  this  is  true  to  a  certain  extent  different  authorities  agree 
that  this  advantage  is  so  small  that  no  account  should  be  taken  of 
it,  and  the  general  proportions  of  the  heater  should  be  calculated 
in  the  same  manner  as  for  steam.  Fig.  25  shows  a  form  of  hot- 
water  heater  made  up  of  slabs  or  sections  similar  to  the  sectional 
steam  boiler  shown  in  Part  I ;  the  size  can  be  increased  in  the 
same  way  by  adding  more  slabs.  A  different  form  is  shown  in 
Fig.  26.  This  is  made  of  cast  iron  but  is  not  a  sectional  boiler. 


Fig.  25. 

It  has  no  horizontal  flues  for  the  ashes  and  soot  to  collect  in  and 
a  greater  part  of  the  heating  surface  is  directly  exposed  to  the 
hottest  part  of  the  fire.  Fig.  27  shows  another  form  of  heater 
similar  in  principle  to  the  one  just  described.  The  space  between 
the  outer  and  inner  shells  surrounding  the  furnace  is  filled  with 
water  and  also  the  cross  pipes  directly  over  the  fire  and  the  drum 
at  the  top.  The  supply  to  the  radiators  is  taken  off  from  the  top 
of  the  heater  and  the  return  connects  at  the  lowes^  point. 

The    ordinary   horizontal  and  vertical  tubular   boilers  with 
varioas  modifications  are  used  to  quite  an  extent  for  hot  water 
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heating  and  are  well  adapted  to  this  class  of  work,  especially  in 
the  case  of  large  buildings. 

Automatic  regulators  are  often  used  for  the  purpose  of  main- 


taining a  constant  temperature  of  the  water.  They  are  constructed 
in  different  ways  —  some  depend  upon  the  expansion  of  a  metal 
pipe  or  rod  at  different  temperatures,  and  others  upon  the  vapor< 
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ization  and  consequent  pressure  of  certain  volatile  liquids.  These 
means  are  usually  employed  to  open  small  valves  which  admit 
water  pressure  under  rubber  diaphragms,  and  these  in  turn  are 
connected  by  means  of  chains  with  the  draft  doors  of  the  furnace, 
and  so  regulate  the  draft  as  required  to  maintain  an  even  temper- 
ature of  the  water  in  the  heater.  Fig.  28  shows  one  of  the  first 
kind.  "  A"  is  a  metal  rod  placed  in  the  flow  pipe  from  the  heater, 
and  is  so  connected  with  the  valve  "  B  "  that  when  the  water 


Fig.  27. 

reaches  a  certain  temperature  the  expansion  of  the  rod  opens  the 
valve  and  admits  water  from  the  street  pressure  through  the  pipes 
"  C  "  and  "  D  "  into  the  chamber  "  E."  The  bottom  of  "  E  "  consists 
of  a  rubber  diaphragm  which  is  forced  down  by  the  water  pressure 
and  carries  with  it  the  lever  which  operates  the  dampers  as 
shown,  and  checks  the  fire.  When  the  temperature  of  the  water 
drops,  the  rod  contracts  and  valve  "B"  closes,  shutting  off  the 
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pressure  from  the  chamber  "  E."  A  spring  is  provided  to  throw 
the  lever  back  to  its  original  position  and  the  water  above  the 
diaphragm  is  forced  out  through  the  pet  cock  "  G  "  which  is  kept 
slightly  open  all  of  the  time. 

DIRECT  HOT  WATER  HEATING. 

A  hot  water  system  is  similar  in  construction  and  operation 
to  one  designed  for  steam,  except  the  hot  water  flows  through  the 
pipes,  giving  up  its  heat  by  conduction  to  the  coils  and  radiators, 
which  in  turn  transfer  it  to  the  air  of  the  room  by  conduction 
and  radiation. 

The  flow  through  the  system  is  produced  solely  "by  the 
difference  in  weight  of  the 
water  in  the  supply  and 
return  pipes,  due  to  the 
difference  in  temperature. 
When  water  is  heated  it 
expands,  and  thus  a  given 
volume  becomes  lighter 
and  tends  to  rise,  and  the 
cooler  water  flows  in  to 
take  its  place ;  if  the  appli- 
cation of  heat  is  kept  up 
the  circulation  thus  pro- 
duced is  continuous.  The 
velocity  of  flow  depends 
upon  the  difference  in 
temperature  between  the 
supply  and  return,  and 
the  height  of  radiator 
above  the  boiler.  The 
horizontal  distance  of 
the  radiator  from  the  boiler  is  also  an  important  factor. 
Types  of  Radiating  Surface.  Cast  iron  radiators  and  circu- 
lation coils  are  used  for  hot  water  as  well  as  for  steam.  Hot 
water  radiators  differ  from  steam  radiators  principally  in  having 
a  horizontal  passage  at  the  top  as  well  as  at  the  bottom.  This 
construction  is  necessaiy  in  order  to  draw  off  the  air  which 


Fig.  28. 
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gathers  at  the  top  of   each  loop  or  section.     Otherwise  they  are 
the  same  as  steam  radiators,  and  are  well  adapted  for  the  circu- 

^       ullul    ','„    /  v       lation  of  steam,  and  in  some 

f       respects  are  superior  to  the 
ordinary  pattern. 

The  form  shown  in  Fig: 
29  is  made  with  an  opening 
at  the  top  for  the  entrance 
of  water  and  at  the  bottom 
for  its  discharge,  thus  insur- 
ing a  supply  of  hot  water  at 
the  top  and  of  colder  water 
at  the  bottom. 

Some  hot  water  radiators 
are  made  with  a  cross-partition 


Fig.  29. 


so  arranged  that  all  water  entering  passes  at  once  to  the  top,  from 
which  it  may  take  any  passage  toward  the  outlet.  Fig.  30  is  the 
more  common  form  of  radiator,  and  is  made  with  continuous 


Pig.  30. 

passages  at  top  and  bottom  ;  the  hot  water  is  supplied  at  one 
side  and  drawn  off  at  the  other.  The  action  of  gravity  is  de- 
pended upon  for  making  the  hot  and  lighter  water  pass  to  the 
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top,  and  the  colder  water  sink  to  the  bottom  and  flow  off  through 
the  return.  Hot  water  radiators  are  usually  tapped  and  plugged 
so  that  the  pipe  connections  can  be  made  either  at  the  top  or  at 
the  bottom.  This  is  shown  in  Fig.  31. 

Efficiency  of  Radiators.  The  efficiency  of  a  hot  water  radia 
tor  depends  entirely  upon  the  temperature  at 
which  the  water  is  circulated.  The  best  practical 
results  are  obtained  with  the  water  leaving  the 
boiler  at  a  maximum  temperature  of  about  180 
degrees  in  zero  weather  and  returning  at  about 
160  degrees  ;  this  gives  an  average  temperature  of 
170  in  the  radiators.  Variations  may  be  made 
however  to  suit  the  existing  conditions  of  outside 
temperature.  We  have  seen  that  an  average  cast 
iron  radiator  gives  off  about  1.5  B.  T.  U.  per  hour 
per  square  foot  of  surface  per  degree  difference  in 
temperature  between  the  surrounding  air  and  the 
radiator,  when  working  under  ordinary  conditions, 
and  this  holds  true  whether  filled  with  steam  or 
water. 

If  we  assume  an  average  temperature  of  170 
degrees  for  the  radiators  then  the  difference  will  be  170  —  70  =; 
100  degrees,  and  this  multiplied  by  1.5  =  150  which  may  be 
taken  as  the  efficiency  of  a  hot  water  radiator  under  the  above 
conditions,  which  represent  good  average  practice. 

This  calls  for  a  water  radiator  about  1.5  times  as  large  as  a 
steam  radiator  to  heat  a  given  room  under  the  same  conditions. 
This  is  common  practice  although  some  engineers  multiply  by  the 
factor  1.6  which  allows  for  a  lower  temperature  of  the  water. 
Water  leaving  the  boiler  at  170  degrees  should  return  at  about 
150;  the  drop  in  temperature  should  not  ordinarily  exceed  20 
degrees. 

System  of  Piping.  A  system  of  hot  water  heating  should 
produce  a  perfect  circulation  of  water  from  the  heater  to  the  radiat- 
ing surface,  and  thence  back  to  the  heater  through  the  i^turns. 
The  system  of  piping  usually  employed  for  hot  water  heating  is 
shown  in  Fig.  32.  In  this  arrangement  the  main  and  branches 
have  an  inclination  upward  from  the  heater;  the  returns  are 


Fig.  31. 
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parallel  to  the  mains  and  have  an  inclination  downward  toward 
the  heater,  and  connect  with  it  at  the  lowest  point.  The  flow 
pipes  or  risers  are  taken  from  the  tops  of  the  mains  and  may 
supply  one  or  more  radiators  as  required.  The  return  risers  or 
drops  are  connected  with  the  return  mains  in  a  similar  manner. 
In  this  system  great  care  must  be  taken  to  produce  a  nearly  equal 
resistance  to  flow  in  all  of  the  branches  so  that  each  radiator  may 
receive  its  .full  supply  of  water.  It  will  always  be  found  that  the 
principal  current  of  heated  water  will  take  the  path  of  least  resis- 
tance, and  that  a  small  obstruction  or  irregularity  in  the  piping  is 


Fig.  32. 

sufficient  to  interfere  greatly  with  the  amount  of  heat  received  in 
the  different  parts  of  the  same  system. 

Expansion  Tank.  Every  system  for  hot  water  heating 
should  be  connected  with  an  expansion  tank  placed  at  a  point 
somewhat  above  the  highest  radiator.  The  tank  must  in  every 
case  be  connected  to  a  line  of  piping  which  cannot  by  any  possible 
means  be  shut  off  from  the  boiler.  When  water  is  heated,  it 
expands  a  certain  amount,  depending  upon  the  temperature  to 
which  it  is  raised  and  a  tank  or  reservoir  should  always  be  pro- 
vided to  care  for  this  increase  in  volume. 

Expansion  tanks  are  usually  made  of  heavy  galvanized  iron 
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of  one  of  the  forms  shown  in  Figs.  33  and  34,  the  latter  being 
used  where  the  head  room  is  limited.  The  connection  from  the 
heating  system  enters  the  bot- 
tom of  the  tank  and  an  open 
vent  pipe  is  taken  from  the  top. 
An  overflow  connected  with  a 
sink  or  drain  pipe  should  be 
provided.  Connections  should 
be  made  with  the  water  supply 
both  at  the  boiler  and  at  the 
expansion  tank,  the  former  to 
be  used  when  first  filling  the 
system,  as  by  this  means  all  air 
is  driven  from  the  bottom  up- 
ward and  is  discharged  through 
the  vent  at  the  expansion  tank. 
Water  that  is  added  afterward 


& 
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Fig.  33. 


may  be  supplied  directly  to  the  expansion  tank  where  the  water 
line  can  be  noted  in  the  gage  g]ass.  A  ball  cock  is  often  arranged 
to  keep  the  water  line  in  the  tank  at  a  constant  level. 


.  34. 


The  size  9f  the  expansion  tank  depends  upon  the  volume  of 
water  contained  in  the  system,  and  the  temperature  to  which  it  is 
heated.  The  following  rule  for  computing  the  capacity  of  the 
tank  may  be  used  with  satisfactory  results. 

The  square  feet  of  radiation  divided  by  40  equals  the  required 
capacity  of  the  tank  in  gallons. 
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Overhead  Distribution.  This  system  of  piping  is  shown  in 
Fig.  35.  A  single  riser  is  carried  directly  to  the  expansion  tank, 
from  which  branches  are  taken  to  supply  the  various  drops  to 
which  the  radiators  are  connected.  An  important  advantage  in 
connection  with  this  system  is  that  the  air  rises  at  once  to  the 
expansion  tank  and  escapes  through  the  vent,  so  that  air  valves 
are  not  required  on  the  radiators. 


SFCOMD  FLOOR 


r/asr  ftooa 


Fig.  35. 

Pipe  Connections.  There  are  various  methods  of  connect- 
ing the  radiators  with  the  mains  and  risers.  Fig.  36  shows  a 
radiator  connected  with  the  horizontal  flow  and  return  mains 
which  are  located  below  the  floor.  The  manner  of  connecting 
with  a  vertical  riser  and  return  drop  is  shown  in  Fig.  37-  As  the 
water  tends  to  flow  to  the  highest  point,  the  radiators  on  the  lower 
floors  should  be  favored  by  making  the  connection  at  the  top  of 
the  riser  and  taking  the  pipe  for  the  upper  floors  from  the  side  as 
shown.  Fig.  38  illustrates  the  manner  of  connecting  with  a 
radiator  on  an  upper  floor  where  the  supply  is  connected  at  the 
top  of  the  radiator. 
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The  connections  shown  in  Figs.  39  and  40  are  used  with  the 
overhead  system  shown  in  Fig.  35. 

Where  the  connection  is  of  the  form  shown  at  the  left  in 
Fig.  35,  the  cooler  water  from  the  radiators  is  discharged  into  the 
supply  pipe  again  so  that  the  water  furnished  to  the  radiators  on 


Fig.  36. 


Fig.  37. 


the  lower  floors  is  at  a  lower  temperature,  and  the  amount  of  heat- 
ing surface  must  be  correspondingly  increased  to  make  up  for  this 
loss. 

For   example. — If   in   the  case  of  Fig.  35    we  assume   the 
water  to  leave  the  heater  at  180  degrees  and  return  at  160  we 


Fig.  38. 


Fig.  39. 


shall  have  a  drop  in  temperature  of  10  degrees  on  each  floor, 
that  is,  the  water  will  enter  the  radiator  on  the  second  floor  at 
180  degrees  and  leave  it  at  170  and  will  enter  the  radiator  on  tho 
first  floor  at  170  and  leave  it  at  160.  The  average  temperatures 
will  be  175  and  165  respectively.  The  efficiency  in  the  first 
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case  will  be  175  —  70  =  105  and  105  X  1 .5  =  157.  In  the  second 
case  165—70  =  95  and  95  X  1.5=  142,  so  that  the  radiator  on 
the  first  floor  will  have  to  be  larger  than  that  on  the  second  floor 
in  the  ratio  of  157  to  142,  in  order  to  do  the  same  work. 

Where  the  radiators  discharge  into  a  separate  return  as  in 
the  case  of  Fig.  32  or  those  at  the  right  in  Fig.  35,  we  may  as- 
sume the  temperature  of  the  water 
to  be  the  same  on  all  floors  and  give 
the  radiators  an  equal  efficiency. 

In  a  dwelling  house  of  two 
stories  no  difference  would  be  made 
in  the  sizes  of  radiators  on  the  two 
floors,  but  in  the  case  of  a  tall  office 
building  corrections  would  neces- 
sarily be  made  as  described. 

Where  circulation  coils  are  used 


Fig.  40. 


they  »hould  be  of  a  form  which  will  tend  to  produce  a  flow  of 
water  through  them.  Figs.  41,  42  and  43  show  different  ways  of 
making  up  and  connecting  these  coils.  In  Figs.  41  and  43  the 
supply  pipes  may  be  either  drops  or  risers,  and  in  the  latter 


Fig.  41. 


case  the  return  in  Fig.  43  may  be  carried  back  if  desired  into  the 
supply  drop  as  shown  by  the  dotted  lines. 

Combination  Systems.  Sometimes  the  boiler  and  prring 
are  arranged  for  either  steam  or  hot  water,  since  the  demand  for  a 
higher  or  lower  temperature  of  the  radiators  might  change. 

The  object  of  this  arrangement  is  to  secure  the  advantages 
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of  a  hot  water  system  for  moderate  temperatures,  and  of  steam 
heating  for  extremely  cold  weather. 

As  less  radiating  surface  is  required  for  steam  heating,  there 
is  an  advantage  due  to  the  reduction  in  first  cost.     This  is  of  con- 


Fig.  42. 

siderable  importance,  as  a  heating  system  must  be  designed  of 
such  dimensions  as  to  be  capable  of  warming  a  building  in  the 
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Fig.  43. 

coldest  weather,  and  this  involves  the  expenditure  of  a  consider- 
able amount  for  radiating  surfaces,  which  are  needed  only  at  rare 
intervals.  A  combination  system  of  hot  water  and  steam  heating 
requires,  first,  a  heater  or  boiler  which  will  answer  for  either  pur- 
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pose ;  second,  a  system  of  piping  which  will  permit  the  circulation 
of  either  steam  or  hot  water ;  and  third,  the  use  of  radiators  which 
are  adapted  to  both  kinds  of  heating.  These  requirements  will  be 
met  by  using  a  steam  boiler  provided  with  all  the  fittings  required 
for  steam  heating,  but  so  arranged  that  the  damper  regulator  may 


Fig.  44. 


Fig.  45. 


be  closed  by  means  of  valves  when  the  system  is  to  be  used  for 
hot  water  heating.  The  addition  of  an  expansion  tank  is  re- 
quired, which  must  be  so  arranged  that  it  can  be  shut  off  when 
the  system  is  used  for  steam  heating.  The  system  of  piping 

shown  in  Fig.  32  is  best  adapted 
for  a  combination  system,  although 
an  overhead  distribution  as  shown 
in  Fig.  35  may  be  used,  by  shut- 
ting off  the  vent  and  overflow 
pipes,  and  placing  air  valves  on 
the  radiators. 

While  this  system  has  many 
advantages  in  the  way  of  cost 
over  the  complete  hot  water  system,  yet  the  labor  of  changing 
from  steam. to  hot  water  will  in  some  cases  be  troublesome,  and 
should  the  connections  to  the  expansion  tank  not  be  opened, 
serious  results  would  follow. 

Valves  and  Fittings.     Gate  valves  should  always  be  used 
in  connection  with  hot  water  piping,  although  angle  valves  may 


Fig.  46. 
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be  used  at  the  radiators.  There  are  several  patterns  of  radiator 
valves  made  especially  for  hot  water  work  ;  their  chief  advantage 
lies  in  a  device  for  quick  closing,  usually  a  quarter  or  half  turn 
being  sufficient  to  open  or  close  the  valve.  Two  different  designs 
are'shown  in  Figs.  44  and  45. 

It  is  customary  to  place  a  valve  in  only  one  connection  as 
that  is  sufficient  to  stop  the  flow  of  water  through  the  radiator; 
a  fitting  known  as  a  "union  elbow"  is  often  employed  in  place  of 
the  second  valve.  (See  Fig,  46.) 

Air  Valves.  The  ordinary  pet-cock  air  valve  is  the  most  re- 
liable for  hot- water  radiators,  although  there  are  several  forms  of 
automatic  valves  which  are  claimed 
to  give  satisfaction.  One  of  these 
is  shown  in  Fig.  47.  This  is  similar 
in  construction  to  a  steam  trap.  As 
air  collects  in  the  chamber,  and  the 
water  line  is  lowered,  the  float  drops, 
and  in  so  doing  opens  a  small  valve 
at  the  top  of  the  chamber  which 
allows  the  air  to  escape.  As  the 
water  flows  in  to  take  its  place  the 
float  is  forced  upward  and  the  valve 
is  closed. 

All  radiators  which  are  supplied 
by  risers- from  below  should  be  pro- 
vided with  air  valves  placed  in  the 
top  of  the  last  section  at  the  return  end.  If  they  are  supplied 
by  drops  from  an  overhead  system  the  air  will  be  discharged 
at  the  expansion  tank  and  air  valves  will  not  be  necessary  at  the 
radiators. 

Fittings.  All  fittings,  such  as  elbows,  tees,  etc.,  should  be  of 
the  "  long  turn  "  pattern.  If  the  common  form  is  used,  they 
should  be  a  size  larger  than  the  pipe,  bushed  down  to  the  proper 
size.  The  long  turn  fittings,  however,  are  preferable. 

Pipe  Sizes.  The  size  of  pipe  required  to  supply  any  given 
radiator  depends  upon  four  conditions  ;  first  the  size  o£  the  radia- 
tor, second  its  elevation  above  the  boiler,  third  the  length  of  pipe 
required  to  connect  it  with  the  boiler,  and  fourth  the  difference  in 
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temperature   between   the    supply   and   return.       The    following 
illustration  will  serve  to  make  these  points  clear. 

If  we  should  take  a  glass  tube  of  the  form  shown  in  Fig.  48, 
fill  it  with  water  and  hold  it  in  a  vertical  position,  we  would  notice 
that  the  water  remained  perfectly  quiet ;  now  if  the  flame  of  a  lamp 
were  held  near  the  tube  A  and  a  few  drops  of  coloring  matter  were 
poured  into  the  tube,  we  would  find  that  the  water  was  in  motion, 
and  the  current  would  be  in  the  direction  shown  by  the  arrows. 
While  the  water  in  both  tubes  was  at  the  same  temperature,  the  two 
columns  were  of  the  same  weight  and  remained  in  equilibrium.  If, 
however,  the  water  in  column  A  is  heater,  it  expands  and  becomes 
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Fig.  48. 


Fig.  49. 

lighter  than  column  B,  and  is  forced  upward  by  the  heavier  water 
falling  toward  the  bottom  of  the  tube.  The  heated  water  flows 
across  the  top  and  into  B  where  it  takes  the  place  of  the  cooler 
water  which  is  settling  to  the  bottom.  As  long  as  there  is  a 
difference  in  the  temperature  of  the  two  columns  this  action  will 
continue.  If  now  we  replace  the  lamp  by  a  furnace,  and  connect 
the  two  columns  A  and  B  at  the  top  by  inserting  a  radiator,  we 
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shall  have  the  same  illustration  in  practical  form  as  utilized  in 
hot  water  heating.  (See  Fig.  49). 

The  heat  given  off  by  the  radiator  always  insures  a  differ- 
ence in  temperature  between  the  columns  of  water  in  the  supply 
and  return  pipes,  so  that  as  long  as  heat  is  supplied  by  the  furnace 
the  flow  of  water  will  continue.  The  greater  the  difference  in 
temperature  of  the  water  in  the  two  pipes,  the  greater  the 
difference  in  weight,  and  consequently  the  faster  the  flow.  The 
greater  the  height  of  the  radiator  above  the  heater  the  more  rapid 
the  flow,  for  the  difference  in  weight  between  two  columns  1  foot 
high  arid  two  columns  10  feet  high  is  ten  times  as  great  and  if 
there  were  no  friction  in  the  pipes  the  flow  would  be  directly 
proportional  to  the  elevation  of  the  radiator  above  the  heater. 
The  quantity  of  water  discharged  by  a  given  pipe  under  constant 
pressure  varies  inversely  as  the  length  of  pipe  ;  that  is,  if  a  pipe 
100  feet  long  will  discharge  10  gallons  per  minute  under  a  given 
pressure,  it  will  discharge  only  half  as  many  gallons  if  the  length 
is  increased  to  200  feet,  the  pressure  remaining  the  same. 

As  it  would  be  a  long  process  to  work  out  the  required  size 
of  each  pipe  for  a  heating  system,  the  following  tables  have 
been  prepared,  covering  the  usual  conditions  to  be  met  with  in 
practice. 

Table  III  gives  the  number  of  square  feet  of  direct  radia- 
tion which  different  sizes  of  mains  will  supply  for  varying  lengths 
of  run. 

TABLE  HI. 


Square  Feet  of  Radiating  Surface. 


Size  of  Pipe. 

100  ft. 
Bun. 

200  ft. 
Run 

300  ft. 
Run. 

400  ft. 
Run. 

500ft. 
Run. 

600ft. 
Run. 

700ft. 
Run. 

890ft. 
Run. 

1000  ft. 
Run. 

1 

30 

1* 

60 

50 

1# 

100 

75 

50 

2 

200 

150 

125 

100 

75 

2# 

360 

250 

200 

175 

150 

125 

3 

550 

400 

300 

275 

250 

225 

200 

175 

•150 

3^ 

850 

600 

450 

400 

350 

325 

300 

250 

225 

4 

1200 

850 

700 

600 

525 

475 

450 

400 

350 

5 

1400 

1150 

1000 

700 

850 

775 

725 

650 

6 

1600 

1400 

13UO 

1200 

1150 

1000 

7 

1706 

1600 

1500 
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These  quantities  have  been  calculated  on  a  basis  of  10  feet 
difference  in  elevation  between  the  center  of  the  heater  and  the 
radiators,  and  a  difference  in  temperature  of  1 7  degrees  between 
the  supply  and  return. 

This  table  may  be  used  for  all  horizontal  mains.  For  the 
vertical  risers  or  drops,  table  IV  may  be  used.  This  has  been 
computed  for  the  same  difference  in  temperature,  and  gives  the 
square  feet  of  surface  which  different  sizes  of  pipe  will  supply 
on  the  different  floors  of  a  building,  assuming  the  height  of  the 
stories  to  be  10  feet.  Where  a  single  riser  is  carried  to  the  top 
of  a  building  to  supply  the  radiators  on  the  floors  below,  by  drop 
pipes,  we  must  first  get  what  is  called  the  "  average  elevation  of 
the  system"  before  taking  its  size  from  the  table.  This  may  be 
illustrated  by  the  following  diagram,  (see  Fig.  50). 

In  A  we  have  a  riser  carried  to  the  third  story  and  from  there  a 
drop  brought  down  to  supply  a  radiator  on  the  first  floor.  The 
elevation  available  for  producing  a  flow  in  the  riser  is  only  10  feet, 
the  same  as  though  it  extended  only  to  the  radiator.  The  water 
in  the  two  pipes  above  the  radiator  is  practically  at  the  same 
temperature  and  therefore  in  equilibrium,  and  has  no  effect  on  the 
flow  of  the  water  in  the  riser.  (Actually  there  would  be  some 
radiation  from  the  pipes,  and  the  return,  above  the  radiator,  would 
be  slightly  cooler,  but  for  purposes  of  illustration  this  may  be 
neglected).  If  the  radiator  was  on  the  second  floor  the  elevation 
of  the  system  would  be  20  feet  (see  B),  and  on  the  third  floor  30 
feet,  and  so  on.  The  distance  which  the  pipe  is  carried  above  the 
first  radiator  which  it  supplies  has  but  little  effect  in  producing  a 
flow,  especially  if  covered,  as  it  should  be  in  practice.  Having 
seen  that  the  flow  in  the  main  riser  depends  upon  the  elevation  of 
the  radiators,  it  is  easy  to  see  that  the  way  in  which  it  is  distri- 
buted on  the  different  floors  must  be  considered.  For  example, 
in  B,  Fig.  50,  there  will  be  a  more  rapid  flow  through  the  riser 
with  the  radiators  as  shown  than  there  would  be  if  they  were 
reversed  and  the  larger  one  were  placed  upon  the  first  floor. 

We  get  the  average  elevation  of  the  system  by  multiplying 
the  square  feet  of  radiation  on  each  floor  by  the  elevation  above 
the  heater,  than  adding  these  products  together  and  dividing  the  same 
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by  the  total  radiation  in  the  whole  system.     In  the  ease  shown 
in  B  the  average  elevation  of  the  system  would  be 

(100  X  30)  +  (50  X  20)-f  (10  X  25)  =  24  3  4-  feet 
100  +  50  +  25 

and  we  must  proportion  the  main  riser  the  same  as  though  the 


Fig.  50. 

whole  radiation  were  on  the  second  floor.  Looking  in  table  IV 
wo  find  for  the  second  story  that  a  1J  inc'\  pipe  will  supply  140 
square  feet  and  a  2  inch  pipe  275.  .  Probably  a  11  inch  pipe  would 
be  sufficient 

Although  the  height  of  the  stories  varies  in  different  buildings, 
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10  feet  will  be  found  sufficiently  accurate  for  ordinary  practice. 
TABLE  IV. 


Size  of 

Square  Feet  of  Radiating  Surface. 

Riser. 

1st  Story 

2d  Story 

3d  Story 

4th  Story 

5th  Story 

6th  Story 

1 

30 

55 

65 

75 

85 

95 

u 

60 

90 

110 

125 

140 

160 

1} 

100 

140 

165 

185 

210 

240 

2 

200 

275 

375 

425 

500 

2i 

350 

475 

3 

550 

3} 

850 

INDIRECT  HOT  WATER  HEATING. 

Types  of  Heaters.  The  heaters  for  indirect  hot  water  heat- 
ing are  of  the  same  general  form  as  those  used  for  steam.  The 
heaters  shown  in  Figs.  9,  14  and  15  of  Part  I,  are  common 
patterns.  The  "  drum  pin,"  Fig.  14,  is  an  excellent  form,  as  the 
i  _  ^\^i  method  of  making  the 

connections  insures  a 
uniform  distribution  of 
water  through  the  stack. 
Fig.  51  shows  a  sec- 
tion of  good  form  for 
water  circulation,  and 
also  of  good  depth,  which  is  a  necessary  point  in  the  design 
of  hot  water  heaters.  They  should  not  be  less  than  10  or  12 
inches  for  good  results.  Box  coils  of  the  form  given  for  steam 
may  also  be  used,  provided  the  connections  for  supply  and  returo 
are  made  of  good  size. 

Size  of  Heaters.  As  indirect  hot  water  heaters  are  used 
principally  in  +\i  vvarming  of  dwelling  houses,  and  in  combination 
with  direct  radiation,  the  easiest  method  is  to  compute  the  surfaces 
required  for  direct  radiation  and  multiply  these  results  by  1.5  for 
pin  radiators  of  good  depth.  For  other  forms  the  factor  should 
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vary  from  1.5  to  2,  depending  upon  the  depth  and  proportion  of 
free  area  for  air  flow  between  the  sections. 

If  it  is  desired  to  calculate  the  required  surface  directly  by  the 
thermal  unit  method,  we  may  allow  an  efficiency  of  from  360  to 
380  for  good  types  in  zero  weather. 

Flues  and  Casings.  For  cleanliness,  as  well  as  for  obtaining 
the  best  results,  indirect  stacks  should  be  hung  at  one  side  of  the 
register  or  flue  receiving  the  warm  air,  and  the  cold-air  duct 
should  enter  beneath  the  heater  at  the  other  side.  A  space  of  10 
inches,  and  preferably  12,  should  be  allowed  for  the  warm  air 
above  the  stack.  The  top  of  the  casing  should  pitch  upward 
toward  the  warm-air  outlet  at  least  an  inch  in  its  length.  A  space 
of  from  6  to  8  inches  should  be  allowed  for  cold  air  below  the 
stack. 

As  the  amount  of  air  warmed  per  square  foot  of  heating  sur- 
face is  less  than  in  the  case  of  steam,  we  may  make  the  flues 
somewhat  smaller  as  compared  with  the  size  of  heater.  The  fol- 
lowing proportions  maybe  used  under  usual  conditions:  1|  square 
inches  per  square  foot  of  radiation  for  the  first  floor,  and  1^  square 
inches  for  the  second  floor,  and  1^  square  inches  for  the  cold-air 
duct. 

Pipe  Connections.  In  hot  water  indirect  work  it  is  not 
desirable  to  supply  more  than  80  to  100  square  feet  of  radiation 
from  a  single  connection.  When  the  requirements  call  for  larger 
stacks  they  should  be  divided  into  two  or  more  groups  according 
to  the  size. 

The  branches  supplying  the  stacks  should  pitch  upward  from 
the  boiler  to  a  point  directly  over  the  stack,  then  drop  and  make 
connection  with  the  heater  at  such  a  point  as  the  special  form  in 
use  requires.  An  air  valve  should  be  placed  in  the  highest  point 
of  the  pipe  just  before  it  drops  to  the  heater.  The  return  should 
be  taken  from  the  bottom  of  the  stack  and  carried  at  a  lower 
level  back  to  the  boiler  or  heater. 

Conditions  may  make  it  necessary  to  bring  back  several 
separate  returns  to  the  heater,  but  it  is  better  practice  to  use 
one  large  flow  main  and  a  single  return  of  the  same  size,  branch- 
ing to  the  different  stacks  as  necessary. 

Pipe  Sizes.      As   the    difference   in    elevation    between    the 
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stacks  and  the  heater  is  necessarily  small,  the  pipes  should  be  of 
ample  size  to  offset  the  slow  velocity  of  flow  through  them.  The 
folio  wing;  sizes  for  runs  up  to  100  feet  will  be  found  ample  for 
ordinary  conditions.  Some  engineers  make  a  practice  of  using 
somewhat  smaller  pipes,  but  the  larger  sizes  will  in  general  be 
found  more  satisfactory. 

TABLE  V. 

Sise  of  Pipe.    Square  feet  of  Indirect  Radiation. 

1  15 
U  30 
11                               50 

2  100 
21  200 

3  -  300 
31  400 

4  600 

5  1000 

CARE    AND    MANAGEMENT    OF    HOT    WATER    HEATERS. 

The  directions  given  for  the  care  of  steam  heating  boilera 
apply  in  a  general  way  to  hot  water  heaters  as  to  the  methods  of 
caring  for  the  fires  and  for  cleaning  and  filling  the  heater.  Only 
the  special  points  of  difference  need  be  considered.  Before  build- 
ing the  fire  all  the  pipes  and  radiators  must  be  full  of  water  and 
the  expansion  tank  should  be  partially  filled  as  indicated  by  the 
gage  glass.  Should  the  water  in  any  of  the  radiators  fail  to 
circulate,  see  that  the  valves  are  wide  open  and  that  the  radiator 
is  free  from  air.  Water  must  always  be  added  at  the  expansion 
tank  when  for  any  reason  it  is  drawn  from  the  system. 

The  required  temperature  of  the  water  will  depend  upon  the 
outside  conditions  and  only  enough  fire  should  be  carried  to  keep 
the  rooms  comfortably  warm.  Thermometers  should  be  placed  in 
the  flow  and  return  pipes  near  the  heater  as  a  guide.  Special 
forms  are  made  for  this  purpose  in  which  the  bulb  is  immersed  in 
a  bath  of  oil  or  mercury.  See  Fig.  52. 

EXHAUST  STEAM  HEATING. 

Steam  after  being  used  in  an  engine  contains  the  greater  part 
of  its  heat,  and  if  not  condensed  or  used  for  other  purposes  it  can 
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usually  be  employed  for  heating  without  affecting  to  any  gre.it 
extent  the  power  of  the  engine. 

The  systems  of  steam  heating  which  have  been  described  are 
those  in  which  the  water  of  condensation  flows  back  into  the 
boiler  by  gravity ;  where  exhaust  steam  is  used  the  pressure  if 
much  below  that  of  the  boiler  and 
it  must  be  returned  either  by  a 
pump  or  return  trap.  The  exhaust 
steam  is  often  insufficient  to  sup- 
ply the  entire  heating  system  and 
must  be  supplemented  by  live 
steam  taken  directly  from  the 
boiler.  This  must  first  pass 
through  a  reducing  valve  in  order 
to  reduce  the  pressure  to  corres- 
pond with  that  carried  in  the  heat- 
ing system. 

The  exhaust  steam  discharged 
from  non-condensing  engines  con- 
tains from  20  to  30  per  cent  of 
water,  and  considerable  oil  or 
greasy  matter  which  has  been  em- 
ployed for  lubrication.  When  the 
engine  is  exhausting  into  the  air, 
the  pressure  in  the  exhaust  pipe 
is  but  slightly  above  that  due  to 
the  atmosphere.  The  effect  of 
passing  exhaust  steam  through 
the  pipes  and  radiators  of  a  heat- 
ing system  is  likely  to  increase 
engine  and  reduce  its  effective  work ;  this  must  be  offset  by  rais- 
ing the  boiler  pressure  or  increasing  the  cut-off  of  the  engine. 

An  engine  does  not  deliver  steam  continuously  but  at  regular 
intervals  at  the  end  of  each  stroke  and  the  amount  is  likely  to 
vary  with  the  work  done  since  the  governor  is  adjusted  to  admit 
steam  in  such  a  quantity  as  is  required  to  maintain  a  uniform 
speed.  If  the  work  is  light,  very  little  steam  will  be  admitted  to 
the  engine  and  for  this  reason  the  supply  available  for  heating  may 
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vary  somewhat  depending  upon  the  use  made  of  the  power  de- 
livered by  the  engine.  In  mills  the  amount  of  exhaust  steam 
is  practically  constant;  in  ofiice  buildings  where  power  is  used  for 
lighting,  the  variation  is  greater,  especially  if  power  is  als  > 
required  for  the  running  of  elevators. 

The  general  requirements  for  a  successful  system  of  exhaust 
steam  heating  include  a  system  of  piping  of  such  proportions 
that  only  a  slight  increase  in  back  pressure  will  be  thrown  upon 
the  engine  ;  a  connection  which  shall  automatically  supply  live 
steam  at  a  reduced  pressure  as  needed;  provision  for  removing  the 
oil  from  the  exhaust  steam;  a  lelief  or  back  pressure  valve 


REDUCING  ,  VALVE 


arranged  to  prevent  any  sudden  increase  in  back  pressure  on  the 
engine,  and  a  return  system  of  some  kind  for  returning  the  water 
of  condensation  back  to  the  boiler  against  a  higher  pressure. 
These  requirements  may  be  met  in  various  ways  depending  upon 
actual  conditions  found  in  different  cases. 

To  prevent  sudden  changes  in  the  back  pressure  due  to 
irregular  supply  of  steam,  the  exhaust  pipe  from  the  engine  is 
often  carried  to  a  closed  tank  having  a  capacity  from  30  to  40 
times  that  of  the  engine  cylinder.  This  tank  may  be  provided 
with  baffle  plates  or  other  arrangements  and  serve  as  a  separator 
for  removing  the  oil  from  the  steam  as  it  passes  through. 

Any  system  of  piping  may  be  used  but  great  care  should  be 
taken  that  as  little  resistance  as  possible  is  introduced  at  bends 
and  fittings  ;  and  the  mains  and  branches  should  be  of  ample  size. 
Usually  the  best  results  are  obtained  from  the  system  in  which 
the  main  steam  pipe  is  carried  directly  to  the  top  of  the  building, 
the  distributing  pipes  run  from  that  point,  and  the  radiating  sur 
faces  supplied  by  a  down-flowing  current  of  steam. 
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Before  taking  up.  the  matter  of  piping  in  detail  a  few  of  the 
more  important  pieces  of  apparatus  will  be  described  in  a  brief 
way. 

Reducing  Valves.  The  action  of  pressure  reducing  valves 
has  been  taken  up  quite  fully  in  "  Boiler  Accessories,"  and  need 
not  be  repeated  here.  When 
the  reduction  in  pressure  is 
large,  as  in  the  case  of  a  com- 
bined power  and  heating 
plant,  the  valve  may  be  one 
or  two  sizes  smaller  than  the 
low  pressure  main  into  which 
it  discharges.  For  example 
— a  5-inch  valve  will  supply 
an  8-inch  main,  a  4-inch  a 
6-inch  main,  a  3-inch  a  5-inch 
main,  a  21-inch  a  4-inch  main, 
etc. 

For  the  smaller  sizes  the 
difference  should  not  be  more 
than  one  size.  All  reducing 
valves  should  be  provided 
with  a  valved  by-pass  for 
cutting  out  the  valve  in  case 
of  repairs.  The  connection 
is  usually  made  as  shown  in 
plan  by  Fig.  53. 

Grease  Extractor.  As 
already  stated,  when  exhaust 
steam  is  used  for  heating  pur- 
poses, it  must  first  be  passed 
through  some  form  of  separator  for  removing  the  oil.  This  is 
usually  effected  by  introducing  a  series  of  baffling  plates  in  the 
path  of  the  steam ;  the  particles  of  oil  striking  these  are  stopped 
and  thus  separated  from  the  steam.  The  oil  drops  into  a  receiver 
provided  for  this  purpose  and  is  discharged  through  a  trap  to  tne 
sewer. 

In  the  separator,  or  extractor,  shown  in  Fig.  54,  the  separa- 
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tion  is  accomplished  by  a  series  of  plates  placed  in  a  vertical  posi- 
tion in  the  body  of  the  separator  through  which  the  steam  must 
pass.  These  plates  consist  of  upright  hollow  columns,  with 
openings  at  regular  intervals  for  the  admission  of  water  and  oil, 
which  drains  downward  to  the  receiver  below.  The  steam  takes 
a  zig-zag  course  and  all  of  it  comes  in  contact  with  the  intercept- 
ing plates,  which  insures  a  thorough  separation  of  the  oil  and 
other  solid  matter  from  the  steam.  Another  form,  shown  in  Fig. 
55,  gives  excellent  results  and  has  the  advantage  of  providing 
an  equalizing  chamber  for  overcoming,  to  some  extent,  the  unequal 
pressure  due  to  the  varying  load  on  the  engine.  It  consists  of  a 


L./VE  STEAM  ft 
FROM  REDUCING 
VALVE 


iXHAUST 

FROM  ENG/NE 


n 

,  »     /     _,  ^ 

_[]  STEAM  T 
HEATING 

EXCELS/OR  /STKAIN'fH 

P 

-'                                  „'' 

^HANDHOLE 

Fig.  55. 

tank  or  receiver  about  4  feet  in  diameter,  with  heavy  boiler  iron 
heads  slightly  crowned  to  give  stiffness.  Through  the  center  is  a 
layer  of  excelsior  (wooden  shavings  of  long  fibre)  about  12  inches 
in  thickness,  supported  on  an  iron  grating,  with  a  similar  grating 
laid  over  the  top  to  hold  it  in  place.  The  steam  enters  the  space 
below  the  excelsior  and  passes  upward,  as  shown  by  the  arrows. 
The  oil  is  caught  by  the  excelsior  which  can  be  renewed  from 
time  to  time  as  it  becomes  saturated.  The  oil  and  water  which 
fall  to  the  bottom  of  the  receiver  are  carried  off  through  a  trap. 
Live  steam  may  be  admitted  through  a  reducing  valve  for  supple- 
menting the  exhaust  when  necessary. 

Back  Pressure  Valve.  This  is  a  form  of  relief  valve  which 
is  placed  in  the  outboard  exhaust  pipe  to  prevent  the  pressure  in 
the  heating  system  from  rising  above  a  given  point.  Its  office  is 
the  reverse  of  the  reducing  valve  which  supplies  more  steam  when 
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the  pressure  becomes  too  low.     The  form  shown  in  Fig.  56  is 

designed  for  a  vertical  pipe.     The  valve  proper  consists  of  two 

discs  of  unequal  area,  the  combined  area  of  which  equals  that  of 

the  pipe.     The  force  tending  to  open 

the  valve  is   that  due  to  the  steam 

pressure  acting  on  an  area  equal  to 

the  difference   in   area  between    the 

two    discs ;  it  is  clear  from  the  cut 

that  the  pressure  acting  on  the  larger 

disc  tends    to  open  the  valve  while 

the   pressure  on  the  smaller  acts  in 

the  opposite    direction.      The  valve 

stem  is  connected  by  a  link  and  crank 

arm  with  a  spindle  upon  which  is  a 

lever    and    weight    outside.       As    the    valve  opens    the    weight 

is  raised  so  that  by  placing  it  in  different  positions  on  the  lever 

arm   the   valve  will  open   at  any 
desired  pressure. 

Fig.  57  shows  a  different  type 
in  which  a  spring  is  used  instead 
of  a  weight.  This  valve  has  a 
single  disc  moving  in  a  vertical 
direction.  The  valve  stem  is  in 
the  form  of  a  piston  or  dash-pot 
which  prevents  a  too  sudden  move- 
ment and  makes  it  more  quiet  in 
its  action.  The  disc  is  held  on  its 
seat  against  the  steam  pressure  by 
a  lever  attached  to  the  spring  as 
shown.  When  the  pressure  of  the 
steam  on  the  underside  becomes 


Fig.  57. 


greater  than  the  tension  of  the  spring,  the  valve  lifts  and  allows 
the  steam  to  escape.  The  tension  of  the  spring  can  be  varied  by 
means  of  the  adjusting  screw  at  its  upper  end. 

A  back  pressure  valve  is  simply  a  low  pressure  safety  valve 
designed  with  a  specially  large  opening  for  the  passage  of  steam 
through  it.  They  are  also  made  for  horizontal  pipes  as  well  as 
vertical, 
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Exhaust  Head.  This  is  a  form  of  separator  placed  at  the 
.top  of  an  outboard  exhaust  pipe  to  prevent  the  water  carried  up 
in  the  steam  from  falling  upon  the  roofs  of  buildings  or  in  the 
street  below.  Fig.  58  is  known  as  a  centrifugal  exhaust  head. 
The  steam  on  entering  at  the  bottom  is  given  a  whirling  or  rotary 
motion  by  the  spiral  deflectors  and  the  water  is  thrown  outward 
by  centrifugal  force  against  the  sides  of  the  chamber  from  which 
it  flows  into  the  shallow  trough  at  the  base  and  is  carried  away 
through  the  drip  pipe  which  is  brought  down  and  connected  with 
a  drain  pipe  inside  the  building.  The 
passage  of  the  steam  outboard  is  shown 
by  the  arrows.  Other  forms  are  used 
in  which  the  water  is  separated  from 
the  steam  by  deflectors  which  change 
the  direction  of  the  currents. 

Automatic  Return  Pumps.  In 
exhaust  heating  plants  the  condensation 
is  returned  to  the  boilers  by  means  of 
some  form  of  return  pump.  A  combined 
pump  and  receiver  of  the  form  illustrated 
in  Fig.  59  is  generally  used.  This  con- 
sists of  a  cast  or  wrought  iron  tank 
mounted  on  a  base  in  connection  with 
a  boiler  feed  pump.  Inside  of  the 
tank  is  a  ball  float  connected  by  means  of  levers  with  a  valve 
in  the  steam  pipe  which  is  connected  with  the  pump.  When 
the  water  line  in  the  tank  rises  above  a  certain  level,  the  float 
is  raised  and  opens  the  steam  valve  which  starts  the  pump. 
When  the  water  is  lowered  to  its  normal  level  the  valve  closes 
and  the  pump  stops.  By  this  arrangement  a  constant  water  line 
is  maintained  in  the  receiver  and  the  pump  runs  only  as  needed 
to  care  for  the  condensation  as  it  returns  from  the  heating  system, 
If  dry  returns  are  used  they  may  be  brought  together  and  con- 
nected with  the  top  of  the  receiver.  If  it  is  desired  to  seal  the 
horizontal  runs,  as  is  usually  the  case,  the  receiver  may  be  raised 
to  a  height  sufficient  to  give  the  required  elevation  and  the 
returns  connected  near  the  bottom  below  the  water  line. 

A  "  balance  pipe,"  so  called  should  connect  the  heating  main 


Fig.  58. 
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with  the  top  of  the  tank  for  equalizing  the  pressure,  otherwise 
the  steam  above  the  water  would  condense  and  the  vacuum  thus 
formed  would  draw  all  the  \vater  into  the  tank  leaving  the  returns 
pract'^ally  empty  and  thus  destroying  the  condition  sought. 
Sometimes  an  independent  regulator  or  pump  governor  is  used  in 
place  of  a  receiver.  One  type  is  euown  in  Fig.  60.  The  return 


Fig.  59. 

main  is  connected  at  the  upper  opening  and  the  pump  suction 
with  the  lower.  A  float  inside  the  chamber  operates  the  steam 
valve  shown  at  the  top  and  the  pump  works  automatically  as  in 
the  case  just  described. 

If  it  is  desired  to  raise  the  water  line  the  regulator  may  be 
elevated  to  the  desired  height  and  connections  made  as  shown  in 
Fig.  61. 

Return  Traps.  The  principle  of  the  return  trap  has  been 
described  in  "  Boiler  Accessories  "  but  its  practical  form  and  appli- 
cation will  be  taken  up  here.  The  type  shown  in  Fig.  62  has  all 
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of  its  working  parts  outside  of  the  trap.     It  consists  of  a  cast  iron 

bowl  pivoted  at  G  and  H.  There  is  an  opening  through  G  con- 
necting with  the  inside  of  the  bowl. 
The  pipe  K  connects  through  C 
with  an  interior  pipe  opening  near 
the  top  (see  Fig.  63.)  The  pipe 
D  connects  with  a  receiver  into 
which  all  of  the  returns  are 
brought.  A  is  a  check  valve 
allowing  water  to  pass  through  in 
the  direction  shown  by  the  arrow. 
E  is  a  pipe  connecting  with  the 
boiler  below  the  water  line.  B 
is  a  check  opening  toward  the 

boiler  and  K  a  pipe  connected  with  the  steam  main  or  drum. 
The  action  of  the  trap  is  as  follows.  As  the  bowl  fills  with 

water  from  the  receiver  it  overbalances  the  weighted   lever  and 


Fig.  01. 

drops  to  the  bottom  of  the  ring.  This  opens  the  valve  C  and 
admits  steam  at  boiler  pressure  to  the  top  of  the  trap.  Being  at 
a  higher  level  the  water  flows  by  gravity  into  the  boiler,  through 
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the  pipe  E.     Water  and  steam  are  kept  from  passing  out  through 
D  by  the  check  A. 

When  the  trap  has  emptied  itself  the  weight  of  the  ball  raises 
it  to  the  original  position,  which  movement  closes  the  valve  C  and 
opens  the  small  vent  F.  The  pressure 
in  the  bowl  being  relieved,  water  flows 
in  from  the  receiver  through  D  until 
the  trap  is  filled,  when  the  process  is 
repeated.  In  order  to  work  satisfac- 
torily the  trap  should  be  placed  at  least 
3  feet  above  the  water  level  in  the 
boiler  and  the  pressure  in  the  returns 
must  always  be  sufficient  to  raise  the 
water  from  the  receiver  to  the  trap 
against  atmospheric  pressure  which  is 
theoretically  about  1  pound  for  every  2 
feet  in  height.  In  practice  there  will  be  more  or  less  friction  to 
overcome,  and  suitable  adjustments  must  be  made  for  each  particu- 
lar case.  Fig.  64  shows  another  form  acting  upon  the  same 


Fig.  62. 


Fig.  63. 

principle  except  in  this  case  the  steam  valve  is  operated  by  a 
bucket  or  float  inside  of  the  trap.  The  pipe  connections  are  prac- 
tically the  same  as  with  the  trap  just  described. 
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Return  traps  are  more  commonly  used  in  smaller  plants 
where  it  is  desired  to  avoid  the  expense  and  care  of  a  pump. 

Damper  Regulators.  Every  heating  and  every  power  plant 
should  be  provided  with  automatic  means  for  closing  the  dampers 
when  the  steam  pressure  reaches  a  certain  point,  and  for  opening 
them  again  when  the  pressure  drops.  There  are  various  regulators 


EXHAUST 


Fig.  64. 

designed  for  this  purpose,  a  simple    form  of  which  is  shown  in 
Fig.  65. 

Steam  at  boiler  pressure  is  admitted  beneath  a  diaphragm 
which  is  balanced  by  a  weighted  lever.  When  the  pressure  rises 
to  a  certain  point  it  raises  the  lever  slightly  and  opens  a  valve 
which  admits  water  under  pressure  above  a  diaphragm  located 
near  the  smokepipe.  This  action  forces  down  a  lever  connected 
by  chains  with  the  damper  and  closes  it.  When  the  steam  pressure 
drops,  the  water  valve  is  closed,  and  the  different  parts  of  the 
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apparatus  take  their  original  positions.  Another  form  similar  in 
principle  is  shown  in  Fig.  66.  In  this  case  a  piston  is  operated 
by  the  water  pressure  instead  of  a  diaphragm.  In  both  types  the 
pressures  at  which  the  damper  shall  open  and  close  are  regulated 
by  suitable  adjustments  of  the  weights  upon  the  levers. 

Pipe  Connections.     The  method  of  making  the  pipe  connec- 
tions in  any  particular  case  will  depend  upon  the  general  arrange- 


Fig.  65. 

ment  of  the  apparatus  and  the  various  conditions.  Fig.  67  illus- 
trates the  general  principles  to  be  followed,  and  by  suitable 
changes  may  be  used  as  a  guide  in  the  design  of  new  systems. 

Steam  first  passes  from  the  boilers  into  a  large  drum  or 
header;  from  this  a  main,  provided  with  a  shut-off  valve,  is  taken, 
as  shown ;  one  branch  is  carried  to  the  engines  while  another  is 
connected  with  the  heating  system  through  a  reducing  valve  hav- 
ing a  by-pass  and  cut-out  valves.  The  exhaust  from  the  engines 
connects  with  the  large  main  over  the  boilers  at  a  point  just  above 
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the  steam  drum.  The  branch  at  the  right  is  carried  outboard 
through  a  back  pressure  valve  which  may  be  set  to  carry  any 
desired  pressure  on  the  system.  The  other  branch  at  the  left 
passes  through  an  oil  separator  into  the  heating  system.  The 
connections  between  the  mains  and  radiators  are  made  in  the 
usual  way  and  the  main  return  is  carried  back  to  the  return  pump 
near  the  floor.  A  false  water  line  or  seal  is  obtained  by  elevating 


Fig.  66. 

the  pump  regulator  as  already  described..  An  equalizing  ot 
balance  pipe  connects  the  top  of  the  regulator  with  the  low  pres- 
sure heating  main  and  high  pressure  is  supplied  to  the  pump  a-s 
shown. 

A  sight  feed  lubricator  should  be  placed  in  this  pipe  above 
the  automatic  valve,  and  a  valved  by-pass  should  be  placed  around 
the  regulator  for  running  the  pump  in  case  of  accident  or  repairs. 
The  oil  separator  should  be  drained  through  a  special  oil  trap  to  a 
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catch  basin  or  to  the  sewer,  and  the  steam  drum  or  any  other  low 
points  or  pockets  in  the  high  pressure  piping  dripped  to  the  main 
return  through  suitable  traps. 

Means  should  be  provided  for  draining  all  parts  of  the  system 
to  the  sewer  and  all  traps  and  special  apparatus  should  be  by- 
passed. The  return  pump  should  always  be  duplicated  in  a  plant 
of  any  size  as  a  safeguard  against  accident  and  the  two  pumps  run 
alternately  to  make  sure  that  one  is  always  in  working  order. 
One  piece  of  apparatus  not  shown  in  Fig.  67  is  the  feed  water 
heater.  If  all  of  the  exhaust  steam  can  be  utilized  for  heating 
purposes,  this  is  not  necessary  as  the  cold  water  for  feeding  the 
boilers  may  be  discharged  into  the  return  pipe  and  be  pumped  in 
with  the  condensation.  In  summer  time,  however,  when  the 
heating  plant  is  not  in  use,  a  feedwater  heater  is  necessary,  as  a' 
large  amount  of  heat  which  would  otherwise  be  wasted  may  be 
saved  in  this  way.  The  connections  will  depend  somewhat  upon 
the  form  of  heater  used,  but  in  general  a  single  connection  with 
the  heating  main  inside  the  back  pressure  valve  is  all  that  is  nec- 
essary. The  condensation  from  the  heater  should  be  trapped  tc 
the  sewer. 
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VACUUM  SYSTEMS. 

Low  Pressure  or  Vacuum  Systems.  In  the  systems  of  steam 
heating  which  have  been  described  up  to  this  point  the  pressure 
carried  has  always  been  above  that  of  the  atmosphere,  and  the 
action  of  gravity  has  been  depended  upon  to  carry  the  water  of 
condensation  oack  to  the  boiler  or  receiver ;  the  "air  in  the  radiators 
has  been  forced  out  through  air  valves  by  the  pressure- of  steam 
back  of  it.  Methods  will  now  be  taken  up  in  which  the  pressure 
in  the  heating  system  is  less  than  the 
atmosphere  and  where  the  circulation 
through  the  radiators  is  produced  by 
suction  rather  than  by  pressure. 
Systems  of  this  kind  have  several 
advantages  over  the  ordinary  methods 
of  circulation  under  pressure.  Firat 
—  no  back  pressure  is  produced  at 
the  engines  when  used  in  connection 
with  exhaust  steam,  but  rather  there 
will  be  a  reduction  of  pressure  due  to 
the  partial  vacuum  existing  in  the 
radiators;  second  —  a  complete  re- 
moval of  air  from  the  coils  and  radiators  so  that  all  portions  are 
steam  filled  and  available  for  heating  purposes ;  third  —  complete 
drainage  through  the  returns,  especially  those  having  long  hori- 
zontal runs,  and  the  absence  of  water  hammer ;  and  fourth  the 
smaller  size  of  return  pipes  necessary.  The  two  systems  of  this 
kind  in  most  common  use-  are  known  as  the  Webster  and  Paul 
systems. 

Webster  System.  This  consists  primarily  of  an  automatic 
outlet  valve  on  each  coil  and  radiator  connected  with  some  form  of 
suction  apparatus  such  as  a  pump  or  ejector.  The  valve  used  is 
shown  in  section  in  Fig.  1  and  replaces  the  usual  hand  valve  at 
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the  return  end  of  the  radiator.  It  is  similar  in  construction  to 
some  of  the  air  valves  already  described,  consisting  of  a  rubber  or 
vulcanite  stem  closing  against  a  valve  opening  when  made  to  ex- 
pand by  the  presence  of  steam.  When  water  or  air  fills  the  valve 
the  stem  contracts  and  allows  them  to  be  sucked  out  as  shown  by 
the  arrows.  A  perforated  metal  strainer  surrounds  the  stem  or 
expansion  piece  to  prevent  dirt  and  sediment  from  clogging  the 
valve. 


Fig.  2. 


Pig.  3. 


Fig.  2  shows  the  valve,  or  thermostat  as  it  is  called,  attached 
to  an  ordinary  angle  valve  with  the  top  removed,  and  Fig.  3  in- 
dicates the  method  of  draining  the  bottoms  of  risers  or  the  ends  of 
mains. 

One  special  advantage  claimed  for  this  system  is  that  the 
amount  of  steam  admitted  to  the  radiators  may  be  regulated  to 
suit  the  requirements  of  outside  temperature,  and  this  may  be  done 
without  water  logging  or  hammering,  a  result  impossible  to  obtain 
with  any  other  combination  of  steam  heating  apparatus.  This 
may  be  done  at  will  by  closing  down  on  the  inlet  supply  to  the 
desired  degree.  The  result  is  the  admission  of  a  smaller  amount 
of  steam  to  the  radiator  than  it  is  calculated  to  condense  normally. 
The  condensation  is  removed  as  fast  as  formed  by  the  opening  of 
the  therraostatic  valve. 
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The  general  application  of  this  system  to  exhaust  heating  is 
shown  in  Fig.  4.  Exhaust  steam  is  brought  from  the  engine  as 
shown ;  one  branch  is  connected  with  a  feed  water  heater  while 
the  other  is  carried  upward  and  through  a  grease  extractor  where 
it  branches  again,  one  line  leading  outbound  through  a  back- 
pressure valve  and  the  other  connecting  with  the  heating  main. 
A  live  steam  connection  is  made  through  a  reducing  valve  as  in 
the  ordinary  system.  Valved  connections  are  made  with  the 
coils  and  radiators  in  the  usual  manner  but  the  return  valves  are 
replaced  by  the  special  thermostatic  valves  described  above. 

The  main  return  is  brought  down  to  a  vacuum  pump  which 
discharges  into  a  "  returns  tank  "  where  the  air  is  separated  from 
the  water  and  passes  off  through  the  vapor  pipe  at  the  top.  The 
condensation  then  flows  into  the  feed  water  heater  from  which  it 
is  automatically  pumped  back  into  the  boilers.  The  cold-water 
feed  supply  is  connected  with  the  returns  tank  and  a  small  cold- 
water  jet  is  connected  into  the  suction  at  the  vacuum  pump  for 
increasing  the  vacuum  in  the  heating  system  by  the  condensation 
of  steam  at  this  point. 

Paul  System.  In  this  system  the  suction  is  connected  with 
the  air  valves  instead  of  the  returns  and  the  vacuum  is  produced 
by  means  of  a  steam  ejector  instead  of  a  pump.  The  returns  are 
carried  back  to  a  receiving  tank  and  pumped  back  to  the  boiler  in 
the  usual  manner.  The  ejector  in  this  case  is  called  the  "exhauster." 

Fig.  5  shows  the  general  method  of  making  the  pipe  con- 
nections with  radiators  in  this  system  and  Fig.  6  the  details  of 
connection  at  the  exhauster. 

A  A  are  the  returns  from  the  air  valves  and  connect  with 
the  exhausters  as  shown.  Live  steam  is  admitted  in  small  quan- 
tities through  the  valves  B  B  and  the  mixture  of  air  and  steam  is 
discharged  outboard  through  the  pipe  C.  D  D  are  gages  showing 
the  pressure  in  the  system  and  E  E  are  check  valves.  The  advan- 
tage of  this  system  depends  principally  upon  the  quick  removal  of 
air  from  the  various  radiators  and  pipes  which  constitutes  the 
principal  obstruction  to  circulation  ;  the  inductive  action  in  many 
cases  is  sufficient  to  cause  the  system  to  operate  somewhat  below 
atmospheric  pressure. 
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Where  exhaust  steam  is  used  for  heating,  the  radiators  should 
be  somewhat  increased  in  size  owing  to  the  lower  temperature  of 


SYSTEM  OF  HEATING 


Fig.  6. 


the  steam.     It  is  common  practice  to  add  from  20  to  30  per  cent 
to  the  sizes  required  for  low  pressure  live  steam. 
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FORCED  BLAST. 

In  a  system  of  forced  circulation  by  means  of  a  fan  or  blower 
the  action  is  positive  and  practically  constant  under  all  usual  con- 
ditions of  outside  temperature  and  wind  action.  This  gives  it  a 
decided  advantage  over  natural  or  gravity  methods  which  are 
affected  to  a  greater  or  less  degree  by  changes  in  wind  pressure, 


and  makes  it  especially  adapted  to  the  ventilation  and  warming  of 
large  buildings  such  as  shops,  factories,  schools,  churches,  halls, 
theatres,  etc.,  where  large  and  definite  air  quantities  are  required. 
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Exhaust  Method.  This  consists  in  drawing  the  air  out  of  a 
building  and  providing  for  the  heat  thus  carried  away  by  placing 
steam  coils  under  windows  or  in  other  positions  where  the  inward 
leakage  is  supposed  to  be  the  greatest.  When  this  method  is 
used  a  partial  vacuum  is  created  within  the  building  or  room  and 


Pig.  7. 

all  currents  and  leaks  are  inward;  there  is  nothing  to  govern 
definitely  the  quality  and  place  of  introduction  of  the  air,  and  it 
is  difficult  to  provide  suitable  means  for  warming  it. 

Plenum  Method.  In  this  case  the  air  is  forced  into  the 
building,  and  its  quality,  temperature  and  point  of  admission  are 
completely  under  control.  All  spaces  are  filled  with  air  under  a 
slight  pressure  and  the  leakage  is  outward,  thus  preventing  the 
drawing  of  foul  air  into  the  room  from  any  outside  source.  But 
above  all,  ample  opportunity  is  given  for  properly  warming  the 
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air  by  means  of  heaters,  either  in  direct  connection  with  the  fan 
or  in  separate  passages  leading  to  the  various  rooms. 

Form  of  Heating  Surface.       A  common  form  of  heater  for 


forced  blast  heating  is  shown  in  Fig.  16,  Part  I.  This  consists  of 
sectional  cast-iron  bases  with  loops  of  wrought-iron  pipe  connected 
as  shown.  The  steam  enters  the  upper  part  of  the  bases  or 
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headers  and  passes  up  one  side  of  the  loops,  then  across  the  top 
and  down  on  the  other  side  where  the  condensation  is  taken  off 
through  the  return  drip,  which  is  separated  from  the  inlet  by  a 
partition.  These  heaters  are  made  up  in  sections  of  2  and  4  rows 
of  pipes  each.  The  height  varies  from  3-J-  to  9  feet  and  the  width 
from  3  feet  to  7  feet  in  the  standard  sizes.  They  are  usually 
made  up  of  1-inch  pipe  although  1J  inch  is  commonly  used  in  the 
larger  sizes.  In  Fig.  7  is  shown  a  similar  heater.  This  is  ar- 
ranged for  supplying  exhaust  to  a  portion  of  the  sections  and  live 
steam  to  the  remainder.  The  division  between  the  two  sections 
is  shown  where  the  metal  is  broken  away.  Fig.  8  shows  still 
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FRONT  V/EW 


S/OE      VIEW 


Fig.  9. 


another  form;  in  this  case  all  of  the  loops  are  made  of  practically 
the  same  length  by  the  special  form  of  construction  shown.  This 
is  claimed  to  prevent  the  short  circuiting  of  steam  through  (he 
shorter  loops  which  causes  the  outer  pipes  to  remain  cold. 

This  form  of  heater  is  usually  encased  in  a  sheet  steel  hous- 
ing as  shown,  but  may  be  supported  on  a  foundation  between 
brick  walls  if  desired. 

Fig.  9  shows  a  special  form  of  heater  particularly  adapted  to 
ventilating  work  where  the  air  does  not  have  to  be  raised  above 
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70  or  80  degrees.  It  is  made  up  of  1-inch  wrought-iron  pipe 
connected  with  supply  and  return  headers:  each  section  contains 
14  pipes  and  they  are  usually  made  up  in  groups  of  5  sections 
each.  These  coils  are  supported  upon  tee  irons  resting  upon  a 
brick  foundation.  Heaters  of  this  form  are  usually  made  to 
extend  across  the  side  of  a  room  with  brick  walls  at  the  sides 
instead  of  being  encased  in  steel  housings.  Heaters  made  up  of 
banks  of  the  school-pin  cast-iron  radiators  give  excellent  results 
for  schoolhouse  work.  The  sections  should  be  so  arranged  that 
the  free  area  for  air  flow  shall  not  be  too  much  restricted. 

Efficiency  of  Heaters.  The  efficiency  of  the  heaters  used  in 
connection  with  forced  blast  varies  greatly,  depending  upon  the 
temperature  .of  the  entering  air,  its  velocity  between"  the  pipes, 
the  temperature  to  which  it  is  raised  and  the  steam  pressure  car- 
ried in  the  heater.  The  general  method  in  which  the  heater  is 
made  up  is  also  an  important  factor. 

In  designing  a  heater  of  this  kind,  care  must  be  taken  that 
the  free  area  between  the  pipes  is  not  contracted  to  such  an 
extent  that  an  excessive  velocity  will  be  required  to  pass  the  given 
quantity  of  air  through  it.  In  ordinary  work  it  is  customary  to 
assume  a  velocity  of  800  to  1000  feet  per  minute  ;  higher  velocities 
call  for  a  greater  pressure  on  the  fan  which  is  not  desirable  in 
ventilating  work. 

In  the  heaters  shown,  about  .4  of  the  total  area  is  free  for  the 
passage  of  air ;  that  is,  a  heater  5  feet  Wide  and  6  feet  high  would 
have  a  total  area  of  5  X  6  =  30  square  feet,  and  a  free  area 
between  the  pipes  of  30  X  .4  —  12  square  feet.  The  depth  or 
number  of  rows  of  pipe  does  not  effect  the  free  area  although  the 
friction  is  increased  and  additional  work  is  thrown  upon  the  fan. 
The  efficiency  in  any  given  heater  will  be  increased  by  increasing 
the  velocity  of  the  air  through  it,  but  the  final  temperature  will 
be  diminished,  that  is,  a  larger  quantity  of  air  will  be  heated  to  a 
lower  temperature  in  the  second  case  and  while  the  total  heat 
given  off  is  greater,  the  air  quantity  increases  more  rapidly  than 
the  heat  quantity  which  causes  a  drop  in  temperature. 

Increasing  the  number  of  rows  of  pipe  in  a  heater  with  a 
constant  air  quantity  increases  the  final  temperature  of  the  air  but 
diminishes  the  efficiency  of  the  heater,  because  the  average  differ 
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ence  in  temperature  between  the  air  and  steam  is  less.  Increas- 
ing the  steam  pressure  in  the  heater  (and  consequently  its  temper- 
ature) increases  both  the  final  temperature  of  the  air  and  the  effi- 
ciency of  the  heater.  Table  I  has  been  prepared  from  different 
tests  and  may  be  used  as  a  guide  in  computing  probable  results 
under  ordinary  working  conditions.  In  this  table  it  is  assumed 
that  the  air  enters  the  heater  at  a  temperature  of  10  degrees 
below  zero  and  passes  between  the  pipes  with  a  velocity  of  800 
feet  per  minute.  Column  1  gives  the  number  of  rows  of  pipe  in 
the  heater  and  columns  2,  3  and  4  the  final  temperature  of  the  air 
for  different  steam  pressures.  Columns  5,  6  and  7  give  the 
corresponding  efficiency  of  the  heater. 

For  example.  Air  passing  through  a  heater  10  pipes  deep 
and  carrying  20  pounds  pressure  wilt  be  raised  to  a  temperature 
of  90  degrees  and  the  heater  will  have  an  efficiency  of  1650  B.T.U. 
per  square  foot  of  surface  per  hour.  When  the  air  is  taken  in  at 
zero  we  may  add  10  to  the  final  temperatures  given  in  the  table, 
although  theoretically  it  would  be  slightly  less ;  in  this  case  we 
must  take  the  efficiency  corresponding  to  the  final  temperature 
after  the  10  degress  have  been  added. 

TABLE  I. 

Temp,  of  entering  air  10°  below  zero. 

Velocity  of  air  between  the  pipes  800  .feet  per  minute. 


Temp,  to  which  the  air  will  be 
raised  from  10°  below  0. 

Efficiency  of  the  heating  surface  in  B.  T.  U., 
per  square  foot  per  hour. 

Bows   of 
pipe  deep. 

Steam  Pressure  in  Heater. 

Steam  Pressure  in  Heater. 

5  Ibs. 

20  Ibs. 

60  Ibs. 

5  Ibs. 

20  Ibs. 

60  Ibs. 

4 

30 

35 

45 

1600 

1800 

2000 

6 

50 

55 

65 

1600 

1800 

2000 

8 

65 

70 

85 

1500 

1650 

1850 

10 

80 

90 

105 

1500 

1650 

1850 

12 

95 

105 

125 

1500 

1650 

1850 

14 

105 

120 

140 

1400 

1500 

1700 

16 

120 

130 

150 

1400 

1500 

1700 

18 

130 

140 

160 

1300 

1400 

1600 

20 

140 

150 

170 

1300 

1400 

1600 
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For  a  velocity  of  1000  feet,  multiply  the  temperatures  given 
in  the  table  by  .95  and  the  efficiencies  by  1.13. 

Example.  How  many  square  feet  of  radiation  will  be  re- 
quired to  raise  600,000  cubic  feet  of  air  per  hour  from  10  below 
zero  to  80  degrees,  with  a  velocity  through  the  heater  of  800  feet 
per  minute  and  a  steam  pressure  of  5  pounds  ?  What  must  be 
the  total  area  of  the  beater  front  and  how  many  rows  of  pipes 
must  it  have  ? 

Referring  back  to  our  formula  for  heat  required  for  ventila- 
tion, we  have 

<"*MWX  »0  =  981,818  B.  T.  U.  required. 

Referring  to  table  I  we  find  that  for  the  above  conditions  a 
heater  10  pipes  deep  is  required,  and  that  an  efficiency  of  1500 

B.  T.  U.  will  be  obtained.      Then  981'818    =  654  square  feet  of 

*  •    A     600,000        -,AAAA      u-      .c    • 

surface  required,    . =  10,000  cubic  of  air  per  minute,  and 

60 

10,000        1 0  f.  .     ,    ,,          ,     ,, 

. — =  12.5  square  feet  of   free    area  required  through  the 

800 

heater.     If  we  assume  .4  of  the  total  heater  front  to  be  free  for 

12  5 

the  passage  of  air,  then  — 1_  =  31  the  required  total  area. 

For  convenience  in  estimating  the  approximate  dimensions 
of  a  heater,  the  following  table  is  given.  The  standard  heaters 
made  by  different  manufacturers  vary  somewhat,  but  the  dimen- 
sions given  below  represent  average  practice.  Column  3  gives 
the  square  feet  of  heating  surface  in  a  single  row  of  pipes  of  the 
dimensions  given  in  columns  1  and  2,  and  column  4  gives  the  free 
area  between  the  pipes. 
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TABLE  II. 


Width  of  Section. 

Height  of  Pipes. 

Square  Feet  of 
Surface. 

Free  Area  through 
Heater  in  Sq.  Ft. 

3  feet 

3  ft.  6  inches 

20 

4.2 

3  feet 

4  ft.  0  inches 

22 

4.8 

3  feet 

4  ft.  6  inches 

25 

5.4 

3  feet 

5  ft.  0  inches 

28 

6.0 

4  feet 

4  ft.  6  inches 

34 

7.2 

4  feet 

5  ft.  0  inches 

38 

8.0 

4  feet 

5  ft.  6  inches 

42 

8.8 

4  feet 

6  ft.  0  inches 

45 

9.6 

5  feet 

5  ft.  6  inches 

52 

11.0 

5  feet 

6  ft.  0  inches 

57 

12.0 

5  feet 

6  ft.  6  inches 

62 

13.0 

5  feet 

7  ft.  0  inches 

67 

14.0 

6  feet 

6  ft.  6  inches 

75 

15.6 

6  feet 

7  ft.  0  inches 

81 

16.8 

6  feet 

7  ft.  6  inches 

87 

18.0 

6  feet 

8  ft.  0-  inches 

92 

19.2 

7  feet 

7  ft.  6  inches 

98 

21.0 

7  feet 

8  ft.  0  inches 

108 

22.4 

7  feet 

8  ft.  6  inches 

109 

23.8 

7  feet 

9  ft.  0  inches 

116 

25.2 

In  calculating  the  total  height  of  the  heater  add  1  foot  for 
the  base. 

These  sections  are  made  up  of  1-inch  pipe  except  the  last,  or 
7-foot  sections,  which  are  made  of  1^-inch  pipe. 

Using  this  table  in  connection  with  the  example  just  given 
we  should  look  in  the  last  column  for  a  section  having  a  free  area 
of  12.5  square  feet ;  here  we  find  that  a  5  feet  X  6  feet  —  6  inches 
section  has  a  free  opening  of  13  square  feet  and  a  radiating  surface 
of  62  square  feet.  The  conditions  call  for  10  rows  of  pipes  and 
10  X  62  =  620  square  feet  of  radiating  surface  which  is  slightly 
less  than  called  for,  but  which  would  be  near  enough  for  all  prac- 
tical purposes. 
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As  a  further  example,  if  we  compute  the  dimensions  of  a 
heater  to  warm  20,000  cubic  feet  of  air  per  minute  from  10  degrees 
below  zero  to  70  degrees  above,  with  20  pounds  steam,  we  find 
that  1057  square  feet  of  surface  will  be  required.  The  heater 
must  be  8  pipes  deep  and  requires  25  square  feet  of  free  area. 
These  may  be  obtained  by  16  5'  X  1'  sections  side  by  side,  as  in 
the  sketch.  These  will  give  28  square  feet  of  free  area  and  1072 
square  feet  of  surface. 


T 

T 

1 

| 

1 

"""!       5       ' 

^_j_    5  , 

] 

1 

i 

1 

1 

i 

The  general  method  of  computing  the  size  of  heater  for  any 
given  building  is  the  same  as  in  the  case  of  indirect  heating: 
First  obtain  the  B.T.U.  required  for  ventilation  and  to  that  add 
the  heat  loss  through  walls,  etc.,  and  divide  the  result  by  the 
efficiency  of  the  heater  under  the  given  conditions. 

Example.  —  An  audience  hall  is  to  be  provided  with  400,000 
cubic  feet  of  air  per  hour.  The  heat  loss  through  walls,  etc.,  is 
250,000  B.T.U.  per  hour  in  zero  weather.  What  will  be  the  size 
of  heater,  and  how  many  rows  of  pipe  deep  must  it  be,  with  20 
pounds  steam  pressure. 

400,000  X  70 


55 


=  509,090  B.T.U.  for  ventilation. 


Therefore  250,000  -f  509,090  =  759,090  B.T.U.,  total  to  be 
supplied. 

We  must  next  find  to  what  temperature  the  entering  air 
must  be  raised  in  order  to  bring  in  the  required  amount  of  heat, 
so  that  the  number  of  rows  of  pipe  in  the  heater  may  be  obtained 
and  its  corresponding  efficiency  determined.  We  have  entering 
the  room  for  purposes  of  ventilation,  400,000  cubic  feet  of  air 
every  hour  at  a  temperature  of  70  degrees,  and  the  problem  now 
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becomes,  to  what  temperature  must  this  air  be  raised  to  carry  in 
250,000  B.T.U.  additional  for  warming? 

We  have  learned  that  1  B.T.U.  will  raise  55  cubic  feet  of  air 
1  degree.  Then  250,000  B.T.U.  would  raise  250,000  X  55  cubic 
feet  of  air  1  degree. 

"  250,000  X  55  _  q/t  . 
400,000 

The  air  in  this  case  must  be  raised  to  70  -f-  34  =  104  degrees % 
to  provide  for  both  ventilation  and  warming.  Referring  to  table  I 
we  find  that  a  heater  12  pipes  deep  will  be  required  and  that  the 
corresponding  efficiency  of  the  heater  will  be  1650  B.T.U. 

7CQAQA 

Then  loy{J™  —  460  square  feet  of  surface  required. 
1650 

Pipe  Connections.  In  the  heater  shown  in  Fig.  16,  Part  I, 
all  of  the  sections  take  their  supply  from  a  common  header  ;  the 
supply  pipe  connecting  with  the  top,  and  the  return  being  taken 
from  the  lower  division  at  the  end,  as  shown.  . 

In  Fig.  7  the  base  is  divided  into  two  parts,  one  for  live 
steam  and  the  other  for  exhaust.  The  supply  pipes  connect  with 
the  upper  compartments  and  the  drips  are  taken  off  as  shown. 
Separate  traps  should  be  provided  for  the  two  pressures. 

The  connections  in  Fig.  8  are  similar  to  those  just  described 
except  the  supply  and  return  headers,  or  bases,  are  drained  through 
separate  pipes  and  traps ;  there  being  a  slight  difference  in  pres- 
sure between  the  two  which  is  likely  to  interfere  with  the  proper 
drainage  if  brought  into  the  same  one.  This  heater  is  arranged 
to  take  exhaust  steam  but  has  a  connection  for  feeding  in  live 
•steam  through  a  reducing  valve  if  desired  ;  the  whole  heater  being 
under  one  pressure. 

It  is  often  desirable  to  have  a  heater  connected  up  in  sections 
so  that  one  or  more  can  be  shut  off  in  mild  weather  when  the 
whole  capacity  of  the  heater  is  not  required.  In  this  case  each 
section  has  separate  connections  with  valves  in  supply  and  return. 
Fig.  10  shows  an  excellent  method  of  making  the  connections  for 
a  heater  using  both  live  and  exhaust  steam  as  in  this  way  any 
number  of  sections  may  be  used  for  exhaust  from  one  to  the  entire 
heater  by  a  proper  adjustment  of  the  valves. 
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The  usual  connections  in  Fig.  9  are  plainly  shown.  A  supply 
header  runs  across  the  front  of  the  heater  from  which  valved 
branches  are  taken  off  to  the  several  groups.  The  return  pipes 
have  cross  connections  with  the  sewer  or  drain  for  blowing  out 
the  air  when  steam  is  first  turned  on.  Two  or  more  groups 
should  be  connected  for  the  use  of  either  exhaust  or  live  steam  as 
shown  in  Fig.  10,  and  separate  traps  should  be  provided  for  the 
two  pressures.  Large  and  freely  working  automatic  air  valves 

.  L/VE    STEAM 


EXHAUST   STEAM 


Fig.  10. 

should  lie  provided  in  the  return  header  of  each  section  or 
group,  whatever  the  type  of  heater,  and  it  is  well  also  to  provide 
hand  pet  cocks  for  opening  when  steam  is  first  turned  on.  The 
form  of  heater  shown  in  Fig.  9  is  especially  efficient  and  may  be 
relied  upon  to  give  an  efficiency  of  about  1800  B.T.U.  and  to 
raise  the  air  from  zero  to  80°  with  a  velocity  of  800  feet  between 
the  pipes  and  a  steam  pressure  of  20  pounds.  A  cast-iron  sectional 
heater  will  give  about  1500  B.T.U  under  the  same  conditions. 

Pipe  Sizes.  The  pipe  sizes  required  in  this  system  of  heat- 
ing  may  be  computed  from  the  tables  already  given.  The  length 
of  run  from  the  boiler  or  main,  the  pressure  carried  and  the  allow- 
able drop  are  the  factors  governing  the  size  of  the  main  supply 
and  branches.  Heaters  of  the  pattern  shown  in  Figs.  7  and  10 
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are  usually  tapped  at  the 
factory  for  high  or  low 
pressure  as  desired  and 
these  sizes  may  be  followed 
in  making  the  pipe  con- 
nections. 

The  sizes  marked  on 
Fig.  9  may  be  used  for  all 
ordinary  work  where  the 
pressure  runs  from  5  to  20 
pounds  ;  for  pressures 
above  that  the  supply  con- 
nections may  be  reduced 
one  size. 

Fans  and  Blowers. 
The  term  fan  is  commonly 
applied  to  any  form  of  ap- 
paratus for  moving  air  in 
which  revolving  blades  or 
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Fig.  12. 


Fig.  11. 

• 

propellers  are  used, 
while  the  word  blower  is 
used  only  in  those  cases 
where  the  wheel  or  pro- 
peller is  enclosed  in  a 
casing. 

Referring  to  Part  I,' 
Fig.  17  shows  the  usual 
form  of  fan  or  wheel 
used  in  the  common 
type  of  blower  and 
Fig.  11  represents  the 
usual  form  of  a  regular 
steel  plate  blower  with 
full  housing.  Where  a 
blower  is  connected  with 
a  heater  having  a  steel 
plate  casing  it  has  an 
inlet  only  on  one  side, 
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but  when  used  in  connection  with  a  heater  of  the  type  shown  in 
Fig.  9  it  should  have  inlet  openings  upon  both  sides  as  shown  in 
Fig.  12. 


The  discharge  opening  can  be  made  in  any  position  desired, 
either  up,  down,  top  horizontal,  bottom  horizontal  or  at  any  angle. 
Fig.  13  shows  a  top  horizontal  discharge  blower  connected  with  a 
beater. 
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Where  the  height  of  the  fan  room  is  limited,  a  form  called 
the  three-quarter  housing  may  be  used  in  which  the  lower  part  of 
the  casing  is  replaced  by  a  brick  pit  below  the  floor  level.  Such 
a  construction  is  shown  in  Fig.  14  with  a  direct-connected  engine. 
Another  type  of  fan  known  as  a  disc  wheel  may  be  used  where 
the  air  passages  are  large  and  the  resistance  to  air  flow  is  small, 
but  for  ordinary  ventilating  work  the  encased  blower  is  to  be  pre- 
ferred. The  cone  fan  shown  in  Fig.  20,  Part  I,  is  a  very  efficient 


Fig.  14. 

form  and  may  be  used  in  a  wall  opening  as  there  shown  or  made 
double  and  enclosed  in  a  steel  plate  housing. 

Fan  Capacity.  The  volume  of  air  which  a  given  fan  will 
deliver  depends  upon  the  speed  at  which  it  in  run  and  the  friction 
or  resistance  through  the  heater  and  air  ways.  The  pressure 
referred  to  in  connection  with  a  fan  is  that  in  the  discharge  outlet 
and  represents  the  force  which  drives  the  air  through  the  ducts 
and  flues.  The  greater  the  pressure  with  a  given  resistance  in 
the  pipes  the  greater  will  be  the  volume  of  air  delivered,  and  the 
greater  the  resistance,  the  greater  the  pressure  required  to  doli^er 
a  given  quantity. 

Fan  wheels  of  the  same  manufacture  are  usually  made  with 
a  constant  ratio  between  the  diameter  and  width,  although  special 
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forms  are  made  where  this  does  not  hold  true.  All  practical 
data  on  the  action  of  fans  is  based  on  the  results  of  tests,  and 
from  these  the  following  relations  have  been  found  to  be  approx 
imately  correct: 

(1)  The  volume  of  air  delivered  varies  directly  as  the  speed 
of  the  fan,  that  is,  doubling  the  number  of  revolutions  doubles 
the  volume  of  air  delivered. 

(2)  The   pressure  varies  as  the  square  of    the  speed,  for 
example,    if   the    speed   is    doubled    the     pressure    is    increased 
2x2  =  4  times,  etc. 

(3)  The  power  required  to  run  the  fan  varies  as  the  cube 
of  the  speed;  again,  if  the  speed  is  doubled  the  power  required  is 
increased  2x2x2  =  8  times. 

The  value  of  a  knowledge  of  these  relations  may  be  illustrated 
by  the  following  example. 

Suppose  for  any  reason  it  was  desired  to  double  the  volume 
of  air  delivered  by  a  certain  fan.  At  first  thought  we  might 
decide  to  use  the  same  fan  and  run  it  twice  as  fast ;  but  when  we 
come  to  consider  the  power  required  we  should  find  that  this 
would  have  to  be  increased  8  times,  and  it  would  probably  be 
much  cheaper  in  the  long  run  to  put  in  a  larger  fan  and  run  it  at 
lower  speed.  In  speaking  of  a  fan  as  a  4  or  5-foot  fan,  the 
diameter  of  the  propeller  wheel  is  meant,  but  if  we  say  an  80  or 
100-inch  fan  we  mean  the  height  of  casing  in  inches. 

It  has  been  found  in  practice  that  fans  of  the  blower  type 
having  curved  floats  operate  quietly  and  give  good  results  when 
run  at  a  speed  corresponding  to  i  ounce  pressure  at  the  discharge 
outlet;  this  gives  a  speed  of  about  3600  feet  per  minute  at  the 
circumference  of  the  wheel.  Higher  speeds  are  accompanied  with 
a  greater  expenditure  of  power  and  are  likely  to  produce  a  roaring 
noise  or  cause  vibration.  A  'much  lower  speed  does  not  provide 
•sufficient  pressure  to  give  proper  control  of  the  air  distribution 
during  strong  winds.  The  following  table  gives  average  capacities 
for  various  sizes  of  fans  and  the  corresponding  horse-power  01 
engine  required.  If  an  electric  motor  is  used  multiply  the  horse- 
power given  in  the  table  by  1.3. 

This  is  done  because  we  can  never  tell  exactly  what  the  power 
required  will  be  and  it  is  well  to  have  an  excess  to  meet  any 
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emergency  or  unlooked-for  conditions  which  may  arise.  In  the 
case  of  a  steam  engine  the  steam  pressure  may  be  raised  to  meet 
any  special  requirements  but  a  motor  can  only  give  out  the 
original  power  for  which  it  was  designed. 

TABLE  III. 


Nominal    Size 
of  Fan.  Height 
of  Housing  in 
Inches. 

Diameter  of 
Fan  Wheel  in 
Inches. 

Width  of 
Housing  in 
Inches. 

Ordinary 
Speed    Giving 
i  Ounce  Pres- 
sure. 

Cubic  Feet  of  Air 
Delivered  per 
Minute. 

Horse- 
Power    of 
Engine  to 
Drive  the 
Fan. 

30 

18 

9 

870 

1000 

\ 

40 

24 

12 

580 

1600 

1 

50 

30 

15 

465 

2600 

1 

60 

36 

18 

390 

4500 

2 

70 

42 

21 

333 

6000 

2* 

80 

48 

24 

293 

8000 

21 

90 

54 

28 

260 

11000 

4 

100 

60 

32 

233 

12500 

4 

120 

72 

43 

195 

21500 

7 

140 

84 

48 

167 

28600 

9 

160 

96 

48 

147 

31800 

10 

108 

54 

130 

40400 

13 

120 

60 

117 

51000 

16 

Fan  Engines.  A  simple,  quiet  running  engine  is  desirable 
for  use  in  connection  with  a  fan  or  blower.  They  may  be  either 
horizontal  or  vertical  and  for  schoolhouse  and  similar  work  should 
be  provided  with  large  cylinders  so  that  the  required  power  may 
be  developed  without  carrying  a  boiler  pressure  much  above  30 
pounds.  In  some  casjes  cylinders  of  such  size  are  used  that  a 
boiler  pressure  of  12  or  15  pounds  is  sufficient.  The  quantity  of 
steam  which  an  engine  consumes  is  of  minor  importance  as  the 
exhaust  can  be  turned  into  the  coils  and  used  for  heating  purposes. 
If  space  allows,  the  engine  should  always  be  belted  to  the  fan. 
Where  it  is  direct-connected,  as  in  Fig.  14,  there  is  likely  to  be 
trouble  from  noise,  as  any  slight  looseness  or  pounding  in  the 
engine  will  be  communicated  to  the  air  ducts  and  the  sound  will 
be  carried  to  the  rooms  above.  Figs.  15  and  16  show  common 
forms  of  fan  engines.  The  latter  is  especially  adapted  to  this  pur 
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pose  as  all    bearings  are  enclosed  and   protected  from  dust  and 
grit.     A  horizontal  engine  for  fan  use  is  shown  in  Fig.  17. 

Motors.     Electric  motors  are  especially  adapted  for  use  in 


Fig.  15. 

connection  with  fans.     They  are  easily  controlled  by  a  switch  and 
starring  box  or  regulator.     The  motor  may  be  directly  connected 
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to  the  fan  shaft  or  it  may  be  belted.     Fig.  18  shows  a  fan  with 
direct-connected  motor. 

Area  of  Ducts  and  Flues.  With  the  blower  type  of  fan  the  size 
of  the  main  ducts  may  be  based  on  a  velociy  of  1 200  to  1500  feet  per 
minute,  the  branches  on  a  velocity  of  1000  to  1200  feet  per  minute, 
and  as  low  as  600  to  800  feet  when  the  pipes  are  small.  Flue 


16. 


velocities  of  500  to  700  feet  per  minute  may  be  used  although  the 
lower  velocity  is  preferable.  The  size  of  the  inlet  register  should 
be  such  that  the  velocity  of  the  entering  air  will  not  exceed  about 
300  feet  per  minute.  The  velocity  between  the  inlet  windows 
and  the  fan  or  heater  should  not  exceed  about  800  feet. 
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The  air  ducts  and  flues  are  usually  made  of  galvanized  iron, 
the  ducts  being  run  at  the  basement  ceiling.  No.  20  and  22  iron 
is  used  for  the  larger  sizes  and  24  to  28  for  the  smaller. 

Regulating  dampers  should  be  placed  in  the  branches  leading 
to  each  flue  for  increasing  or  reducing  the  air  supply  to  the  differ- 
ent rooms.  Adjustable  deflectors  are  often  placed  at  the  fork  of 
a  pipe  for  the  same  purpose.  One  of  these  is  shown  in  Fig.  19. 


Fig.  17. 

Factory  Heating.  The  application  of  forced  blast  for  the 
warming  of  factories  and  shops  is  shown  in  Figs.  20  and  21.  The 
proportional  heating  surface  in  this  case  is  generally  expressed  in 
the  number  of  cubic  feet  in  the  building  for  each  linear  foot  of 
1-inch  steam  pipe  in  the  heater.  On  this  basis,  in  factory  prac- 
tice with  all  of  the  air  taken  from  out  of  doors,  there  are  generally 
allowed  from  100  to  150  cubic  feet  of  space  per  foot  of  pipe 
according  as  exhaust  or  live  s'team  is  used ;  live  steam  in  this  case 
indicating  steam  of  about  80  pounds  pressure.  If  practically  all 
of  the  air  is  returned  from  the  buildings  to  the  heater,  these  figures 
may  be  raised  to  about  140,  as  a  minimum  and  possibly  200  as  a 
maximum,  per  foot  of  pipe.  The  heaters  in  table  II  may  be 
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changed  to  linear  feet  of  1  inch  pipe  by  multiplying  the  numbers 
in  column  three  (square  feet  of  surface)  by  three. 

Example. —  A  machine  shop  100  feet  long  by  50  feet  wide  and 
3  stories,  each  10  fuet  high,  is  to  be  warmed  by  forced  blast  using 


Fig.  18. 

exhaust  steam  in  the  heater.  The  air  is  to  be  returned  to  the 
heater  from  the  building  and  the  whole  amount  contained  in  the 
building  is  to  pass  through  the  heater  every  15  minutes.  What 
size  of  blower  will  be  required  and  what  will  be  the  H.P.  of  the 
engine  required  to  run  it  ?  How  many  linear  feet  of  1  inch  pipe 
should  the  heater  contain  ? 

The  total  volume  of  air  is 

100  X  50  X  3  X  10  =  150,000  cubic  feet. 

This  will  require 


150,000 
140 


=  1071  feet  of  pipe. 


There  are  10,000  cubic  feet  of  air  required  per  minute  ;  hence 
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from  Table  III  we  must  use  a  4  H.P.  engine  and  a  90-inch  blower. 
If  live  steam  were  used,  and  the  air  changed  every  20 
minutes,  we  should  need  150,000  -s-  200  =  750  feet  of  pipe,  and 
7500  cubic  feet  of  air  per  minute,  requiring  a  2|  H.P.  engine  and 
an  80-inch  blower. 

In  using  this  method  of  computation  judgment  must  be 
used  which  can  only  come  from  experience.  The  figures  given 
are  for  average  conditions  of  construction  and  exposure. 

Double  Duct  System.  The  varying  exposures  of  the  rooms 
of  a  school  or  other  building  similarly  occupied  require  that  more 
heat  shall  be  supplied  to  some  than  to  others.  Rooms  that  are  on 
the  south  side  of  the  building  and  exposed  to  the  sun  may  perhaps 
be  kept  perfectly  comfortable  with  a  supply  of  heat  that  will 
maintain  a  temperature  of  only  50  or  60  degrees  in  rooms  on  the 
opposite  side  of  the  building  which  are  exposed  to  high  winds  and  shut 

off  from  the  warmth  of  the  sun. 
f  -  With  a  constant  and  equal 
air  supply  to  each  room  it  is 
evident  that  the  temperature 
must  be  directly  proportional  to 
the,  cooling  surfaces  and'  ex- 
posure, and  that  no  building  of 
this  character  can  be  properly 
heated  and  ventilated  if  the 
temperature  cannot  be  varied 
without  affecting  the  air  supply. 
There  are  two  methods  of 
overcoming  this  difficulty : 

The  older  arrangement  consists  in  heating  the  air  by  means 
of  a  primary  coil  at  or  near  the  fan  to  about  60  degrees,  or  to  the 
minimum  temperature  required  within  the  building.  From  the 
coil  it  passes  to  the  bases  of  the  various  flues  and  is  there  still 
further  heated  as  required,  by  secondary  or  supplementary  heaters 
placed  at  the  base  of  each  flue. 

With  the  second  and  more  recent  method  a  single  heater  is 
employed  and  all  of  the  air  is  heated  to  the  maximum  required  to 
maintain  the  "desired  temperature  in  the  most  exposed  rooms, 
while  the  temperature  of  tb?  other  rooms  is  regulated  by  mixing 
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with  the  hot  air  a  sufficient  volume  of  cold  air  at  the  bases  of  the 
different  flues.  This  result  is  best  accomplished  by  designing  a 
hot  blast  apparatus  so  that  the  air  shall  be  forced,  rather  than 


Fig.  20. 

drawn  through  the  heater,  and  by  providing  a  by-pass  through 
which  it  may  be  discharged  without  passing  across  the  heated 
pipes.  The  passage  for  the  cold  air  is  usually  made  above  and 
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separate  from  the  heater  pipes  (see  Fig.  19,  Part  I.).  Extending 
from  the  apparatus  is  a  double  system  of  ducts,  usually  of  galvan- 
ized iron,  and  suspended  from  the  ceiling.  At  the  base  of  each 
flue  is  placed  a  mixing  damper  which  is  controlled  by  a  chain 
from  the  room  above  and  so  designed  as  to  admit  either  a  full 
volume  of  hot  air,  a  full  volume  of  cold  air  or  to  mix  them  in  any 


Fig.  21. 

desired  proportion  without  affecting  the  resulting  total  volume 
delivered  to  the  room.  A  damper  of  this  form  is  shown  in  Fig.  22. 
Fig.  23  shows  an  arrangement  of  disc  fan  and  heater  where  the 
air  is  first  drawn  through  a  tempering  coil,  then  a  portion  of  it 
forced  through  a  second  heater  and  into  the  warm-air  pipes  while 
the  remainder  is  by-passed  under  the  heater  into  the  cold-aii 
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pipes.     Mixing  dampers  are  placed  at  the  bases  of  the  flues  as 
Already  described. 

EXHAUST  VENTILATION. 

When  air  is  to  be  moved  against  a  very  slight  resistance,  as 
in  the  case  of  exhaust  ventilation,  the  disc  or  propeller  type  of 
wheel  may  be  used.  This  is  shown  in  different  forms  in  Figs.  24, 
25  and  26.  This  type  of  fan  is  light  in  construction,  requires 
but  little  power  at  low 
speeds,  and  is  easily 
erected.  It  may  be  con- 
veniently placed  in  the 
attic  or  upper  story  of 
a  building,  where  it  may 
be  driven  either  by  a 
direct  or  belt-connected 
electric  motor.  Fig.  24 
shows  a  fan  equipped 
with  a  direct>connected 
motor,  and  Fig.  27 
the  general  arrangement 
when  a  belted  motor  is 
used.  These  fans  are 
largely  used  for  the 
ventilation  of  toilet  and 
smoking  rooms,  restau- 
rants, etc.  and  are  usually 
mounted  in  a  wall  open- 
ing, as  shown  in  Fig.  27. 
A  damper  should  alwa}rs 
be  provided  for  shutting 
off  the  opening  when 
the  fan  is  not  in  use. 

The  fans  shown  in  Figs.  25  and  26  are  provided  with  pulleys  for 
belt  connection. 

Fans  of  this  kind  are  often  connected  with  the  main  vent 
flues  of  large  buildings,  such  as  schools,  halls,  churches,  theatres, 
etc.,  and  are  especially  adapted  for  use  in.  connection  with 
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gravity  heating  systems.     They  are  usually  run  by  electric  motors, 
and   as  a  rule  are   placed   in   positions  where   an   engine   could 


Fig.  24. 

not  be  connected,  and  also  in  buildings  where  steam  pressure  is 
not  available. 

Table  IV  gives  the  air  delivery  per  minute  against  slight 
resistance,  and  the  proper  size  of  motor  for  fans  of  the  disc  type. 

TABLE  IV. 


Diameter  of 
fail  iu  inches. 

Revolutions  per 
minute. 

Cubic  feet  of  air 
delivered  per  minute. 

H.  P.  of 
Motor. 

12 

1,000 

600 

J 

18 

800 

1,500 

1 
j 

24 

500 

2,300 

1 

30 

410 

3,500 

1 

36 

380 

5,700 

4 

42 

330 

7,800 

2 

48 

280 

9,900 

3 

54 

250 

12,500 

3 

60 

230 

16,000 

5 
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ELECTRIC  HEATING. 

Unless  electricity  is  produced  at  a  very  low  cost,  it  is  not 
commercially  practicable  for  heating  residences  or  large  buildings. 
The  electric  heater,  however,  has  quite  a  wide  field  of  application 
in  heating  small  offices,  bathrooms,  electric  cars,  etc.  It  is  a 
convenient  method  of  warming  rooms  on  cold  mornings  in  late 
spring  and  early  fall,  when  furnace  or  steam  heat  is  not  at  hand. 
It  has  the  especial  advantage  of  being  instantly  available,  and 


Pig.  25. 

the  amount  of  heat  can  be  regulated  at  will.     The  heaters  are 
perfectly  clean,  do  not  vitiate  the  air,  and  are  portable. 

Electric  Heat  and  Energy.  The  commercial  unit  for  elec 
tricity  is  one  watt  for  one  hour,  and  is  equal  to  3.41  B.  T.  U. 
Electricity  is  usually  sold  on  the  basis  of  1,000  watt  hours  (called 
Kilowatt-hours),  which  is  equivalent  to  3,410  B.  T.  U.  A  watt, 
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as  we  have  learned,  is  the  product  obtained  by  multiplying   a 
current  of  1  ampere  by  an  electro-motive  force  of  1  volt. 

From  the  above  we  see  that  the  B.  T.  U.  required  per  hour 
for  warming,  divided  by  3,410, 
will  give  the  Kilowatt-hours 
necessary  for   supplying  the 
required  amount  of  heat. 

Construction  of  Electric 
Heaters.  Heat  is  obtained 
from  the  electric  current  by 
placing  a  greater  or  less  re- 
sistance in  its  path.  Various 
forms  of  heaters  have  been 
employed.  Some  of  the 
simplest  consist  merely  of 
coils  or  loops  of  iron  wire, 
arranged  in  parallel  rows,  so 
that  the  current  can  be  passed 
through  as  many  coils  as  are 
needed  to  provide  the  required 
amount  of  heat.  In  other 
forms  the  heating  material  is  surrounded  with  fire-clay,  enamel 
or  asbestos,  and  in  some  cases  the  material  itself  has  been 


Fig.  27. 

such  as  to  give  considerable  resistance  to  the  current.  A  form 
of  electric  car  heater  is  shown  in  Fig.  28.  Forms  of  radiators 
are  shown  in  Figs.  21,  22  and  23,  in  Part  I. 
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Connections  for  Electric  Heaters.  The  method  of  wiring 
for  electric  heaters  is  essentially  the  same  as  for  lights  which 
require  the  same  amount  of  current.  A  constant  electro-motive 
force  or  voltage  is  maintained  in  the  main  wire  leading  to  the 
heaters.  A  much  less  voltage  is  carried  on  the  return  wire,  and 
the  current  in  passing  through  the  heater  from  the  main  to  the 
return,  drops  in  voltage  or  pressure.  This  drop  provides  the 
energy  which  is  transformed  into  heat. 

The  principle  of  electric  heating  is  much  the  same  as  that 
involved  in  the  non-gravity  return  system  of  steam  heating.  In 
that  system  the  pressure  on  the  main  steam  pipes  is  that  of  the 
boiler,  while  that  on  the  return  is  much  less,  the  reduction  in 
pressure  occurring  in  the  passage  of  the  steam  through  the 
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Fig.  28. 

radiators  ;  the  water  of  condensation  is  received  into  a  tank  and 
returned  to  the  boiler  by  a  pump. 

In  a  system  of  electric  heating  the  main  wires  must  be  suffi- 
ciently large  to  prevent  a  sensible  reduction  in  voltage  or  pressure 
between  the  generator  and  the  heater,  so  that  the  pressure  in 
them  shall  be  substantially  that  in  the  generator  The  pressure 
or  voltage  in  the  main  return  wire  is  also  constant,  but  very  low, 
and  the  generator  has  an  office  similar  to  that  of  the  steam  pump 
in  the  system  just  described ;  that  is,  of  raising  the  pressure  of 
the  return  current  up  to  that  in  the  main.  The  power  supplied  to 
the  generator  can  be  considered  the  same  as  the  boiler  in  the  first 
case.  All  of  the  current  which  passes  from  the  main  to  the  return 
must  flow  through  the  heater  and  in  so  doing  its  pressure  01 
voltage  falls  from  that  of  the  main  to  that  of  the  return. 

From  the  generator  shown  in  Fig.  29,  main  and  return  wires 
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are  run  the  same  as  in  a  two-pipe  system  of  steam  heating,  and 
these  are  proportioned  to  carry  the  required  current  without 
sensible  drop  or  loss,  of  pressure.  Between  these  wires  are  placed 
the  various  heaters,  which  are  arranged  so  that  when  electric 
connection  is  made  they  draw  the  current  from  the  main  and 
discharge  it  into  the  return  wire.  Connections  are  made  and 
broken  by  switches  which  take  the  place  of  valves  on  steam 
radiators. 

Cost  of  Electric  Heating.     The  expense  of  electric  heating 
must  in  every  case  be  great,  unless  the  electricity  can  be  supplied 


Fig.  29. 

at  an  exceedingly  low  cost.  Estimated  on  the  basis  of  present 
practice,  the  average  transformation  into  electricity  does  not 
account  for  more  than  4  per  cent  of  the  energy  in  the  fuel  which 
is  burned  in  the  furnace  :  although  under  best  conditions  15  per 
cent  has  been  realized,  it  would  not  be  safe  to  assume  that  in 
ordinary  practice  more  than  5  per  cent  could  be  transformed  into 
electrical  energy.  In  heating  with  steam,  hot  water  or  hot  air, 
the  average  amount  utilized  will  .probably  be  about  60  per  cent, 
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so  that  the  expense  of  electrical  heating  is  approximately  from 
12  to  15  times  greater  than  by  these  methods. 

TEMPERATURE  REGULATORS. 

The   principal   systems   of    automatic    temperature    control 


Fig.  30. 


Fig.  81. 


now  in  use  consist  of  three  essential  features  :  First,  a.n  air 
compressor,  reservoir  and  distributing  pipes;  second,  thermo- 
stats, which  are  placed  in  the  rooms  to  be  regulated;  and 
third,  special  diaphragm  or  pneumatic  valves  at  the  radiators. 
The  air  compressor  is  usually  operated  by  water  pressure  in. 
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small  plants  and  by  steam  in  larger  ones ;  electricity  is  used  in 
some  cases.  Fig.  30  shows  a  form  of  water  compressor.  It  iu 
similar  in  principle  to  a  direct-acting  steam  pump,  in  whicL 
under  pressure  takes  the  place  of 
steam.  A  piston  in  the  upper 
cylinder  compresses  the  air,  which 
is  stored  in  a  reservoir  provided 
for  the  purpose.  When  the  pres- 
sure in  the  reservoir  drops  below 
a  certain  point,  the  compressor 
is  started  automatically,  and  con- 
tinues to  operate  until  the  pres- 
sure is  brought  up  to  its  working 
standard. 

A  thermostat  is  simply  a 
mechanism  for  opening  and  clos- 
ing one  or  more  small  valves,  and 
is  actuated  by  changes  in  the  tem- 
perature of  the  air  in  which  it  is 
placed.  Fig.  31  shows  a  thermo- 
stat in  which  the  valves  are 
operated  by  the  expansion  and 
contraction  of  the  metal  strip  E. 
The  degree  of  temperature  at 
which  it  acts  may  be  adjusted  by 
throwing  the  pointer  at  the  bottom 
one  way  or  the  other.  Fig.  32 
shows  the  same  thermostat  with 
its  ornamental  casing  in  place. 
The  thermostat  shown  in  Fig.  33 
operates  on  a  somewhat  different 
principle.  It  consists  of  a  vessel 
separated  into  two  chambers  by  a 
metal  diaphragm.  One  of  these 
chambers  is  partially  filled  with 
a  liquid,  which  will  boil  at  a 
temperature  below  that  desired  in  the  room.  The  vapor  of  the 
liquid  produces  considerable  pressure  at  the  normal  temperature 


Fig.  82. 
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of  the  room,  and  a  slight  increase  of  heat  crowds  the  diaphragm 
over  and  operates  the  small  valves  in  a  manner  similar  to  that 
of  the  metal  strip  in  the  case  just  described. 

The  general  form  of  a  diaphragm  valve  is  shown  in  Fig.  34. 
These  replace  the  usual  hand  valves  at  the  radiator.  They  are  simi- 
lar in  construction  to  the  ordinary  globe  or  angle  valve,  except  the 
stem  slides  up  and  down  instead  of  being  threaded  and  running 
in  a  nut.  The  top  of  the  stem  connects  with  a  flat  plate,  which 
rests  against  a  rubber  diaphragm.  The  valve  is  held  open  by  a 
spring,  as  shown,  and  is  closed  by  admitting  compressed  air  to  the 
space  above  the  diaphragm. 

In  connecting  up  the  system,  small  concealed  pipes  are  carried 


Fig.  33. 

from  the  air  reservoir  to  the  thermostat,  which  is  placed  upon  an 
inside  wall  of  the  room,  and  from  there  to  the  diaphragm  valve 
at  the  radiator.  When  the  temperature  of  the  room  reaches  the 
maximum  point  for  which  the  thermostat  is  set,  its  action  opens  a 
small  valve  and  admits  air  pressure  to  the  diaphragm,  thus  closing 
off  the  steam  from  the  radiator.  When  the  temperature  falls,  the 
thermostat  acts  in  the  opposite  manner,  and  shuts  off  the  air  pres- 
sure from  the  diaphragm  valve,  and  at  the  same  time  opens  a 
small  exhaust  which  allows  the  air  above  the  diaphragm  to  escape. 
The  pressure  being  removed  the  valve  opens  and  again  admits 
steam  to  the  radiator.  Thermostats  and  diaphragms  are  also 
used  for  operating  mixing  dampers  in  a  similar  manner. 
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HEATING  AND  VENTILATION. 
Various  Classes  of  Buildings. 

The  different  methods  used  in  heating  and  ventilation, 
together  with  the  manner  of  computing  the  various  proportions  of 
the  apparatus,  having  been  taken  up,  the  application  of  these 
systems  to  the  different  classes  of  buildings  will  now  be  considered 
briefly. 

School  Buildings.  For  school  buildings  of  small  size,  the 
furnace  system  is  simple,  convenient  and  generally  effective.  Its 
use  is  confined  as  a  general  rule  to  buildings  having  not  more 


.     Fig.  34. 

than  eight  rooms.  For  large  ones  this  method  must  generally  give 
way  to  some  form  of  indirect  steam  system  with  one  or  more 
boilers,  which  occupy  less  space,  and  are  more  easily  cared  for  than 
a  number  of  furnaces  scattered  about  in  different  parts  of  the 
basement.  Like  all  systems  that  depend  on  natural  circulation, 
the  supply  and  removal  of  air  is  considerably  affected  by  changes 
in  the  outside  temperature  and  by  winds. 

The   furnaces    used   are   generally  built   of  cast  iron;    this 
material  being  durable,  and   easily  made   to   present   large  and 
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effective  heating  surfaces.  To  adapt  the  larger  sizes  of  house- 
heating  furnaces  to  schools  a  much  larger  space  must  be  provided 
between  the  body  and  the  casing,  to  permit  a  sufficient  volume  of 
air  to  pass  to  the  rooms.  The  free  area  of  the  air  passage  should 
be  sufficient  to  allow  a  velocity  of  about  400  feet  per  minute. 

The  size  of  furnace  is  based  on  the  amount  of  heat  lost  by 
radiation  and  conduction  through  walls  and  windows  plus  that 
carried  away  by  air  passing  up  the  ventilating  flues.  These 
quantities  may  be  computed  by  the  usual  methods  for  "loss  of 
heat  by  conduction  through  walls,"  and  "heat  required  for 
ventilation."  With  more  regular  and  skillful  attendance,  it  is  safe 
to  assume  a  higher  rate  of  combustion  in  schoolhouse  heaters  than 
in  those  used  for  warming  residences.  Allowing  a  maximum 
combustion  of  6  pounds  of  coal  per  hour  per  square  foot  of  grate, 
and  assuming  that  8,000  B.  T.  U.  per  pound  are  taken  up  by  the 
air  passing  over  the  furnace,  we  have  6  X  8,000  =  48,000  B.  T.  U. 
furnished  per  hour  per  square  foot  of  grate.  Therefore,  if  we 
divide  the  total  B.  T.  U.  required  for  both  warm  ing  and  ventilation 
by  48,000,  it  will  give  us  the  necessary  grate  surface  in  square  feet. 
It  has  been  found  in  practice  that  a  furnace  with  a  fire-pot  32  inches 
in  diameter,  and  having  ample  heating  surface,  is  capable  of  heat- 
ing two  50-pupi]  rooms  in  zero  weather.  The  sizes  of  ducts  and 
flues  may  be  determined  by  rules  already  given  under  furnace  and 
indirect  steam  heating. 

The  indirect  gravity  system  of  steam  heating  comes  next  in 
cotj  of  installation.  One  important  advantage  of  this  system 
over  furnace  heating  comes  from  the  ability  to  place  the  heating 
coils  at  the  base  of  the  flues,  thus  doing  away  with  horizontal 
runs  of  air  pipe,  which  are  required  to  some  extent  in  furnace 
heating.  The  warm-air  currents  in  the  flues  are  less  affected  by 
variations  in  the  direction  and  force  of  the  wind  where  this  con- 
struction is  possible,  and  this  is  of  much  importance  in  exposed 
locations.  The  method  of  supplying  cold  air  to  the  coils  or 
heaters  is  important,  and  should  be  carefully  worked  out  in  the 
manner  previously  described.  Mixing  dampers  for  regulating  the 
temperature  of  the  rooms  should  be  provided  for  each  flue.  The 
effectiveness  of  these  dampers  will  depend  largely  upon  their 
construction,  and  they  should  be  made  tight  against  cold-air 
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leakage  by  covering  the  surfaces  or  flanges  against  which 
close  with  some  form  of  asbestos  felting.  Both  inlet  and  outlet 
gratings  should  be  provided  with  adjustable  dampers.  One  of 
the  disadvantages  of  this  system  is  the  delivery  of  all  the  heat  to 
the  room  from  a  single  point,  and  this  not  always  in  a  position 
to  give  the  best  results.  The  outer  walls  are  thus  left  unwarmed, 
except  as  the  heat  is  diffused  throughout  the  room  by  air  currents. 
When  there  is  considerable  glass  surface,  as  in  most  of  our 
modern  schoolrooms,  draughts  and  currents  of  cold  air  are 
frequently  found  along  the  outside  walls. 

A  very  satisfactory  arrangement  is  the  use  of  indirect  heaters 
for  warming  the  air  needed  for  ventilation,  and  the  placing  of 
direct  radiation  in  the  rooms  for  heating  purposes.  The  general 
construction  of  the  indirect  stacks  and  flues  may  be  the  same,  but 
the  heating  surface  can  be  reduced,  as  the  air  in  this  case  must 
be  raised  only  to  70  or  75  degrees  in  zero  weather;  the  heat  to 
offset  that  lost  by  conduction,  etc,,  through  walls  and  windows 
being  provided  by  the  direct  surface.  The  mixing  dampers  are 
also  omitted,  and  the  temperature  of  the  room  is  regulated  by 
opening  or  closing  the  steam  valves  on  the  direct  coils,  which 
may  be  done  either  by  hand  or  automatically.  The  direct-heat- 
ing surface,  which  is  best  made  up  of  lines  of  1|  -inch  pipe, 
should  be  placed  along  the  outer  walls  beneath  the  windows. 
This  supplies  heat  where  most  needed,  and  does  away  with  the 
tendency  to  draughts.  In  mild  weather,  during  the  spring  and 
fall,  the  indirect  heaters  may  prove  sufficient  for  both  ventilation 
and  warming. 

Where  direct  radiation  is  placed  in  the  rooms,  the  quantity  of 
.heat  supplied  is  not  affected  by  varying  wind  conditions,  as  is  the 
case  in  indirect  heating.  Although  the  air  supply  may  be  reduced 
at  times,  the  heat  quantity  is  not  changed.  Direct  radiation  has 
the  disadvantage  of  a  more  or  less  unsightly  appearance,  and 
architects  and  owners  often  object  to  the  running  of  mains  or 
risers  through  the  rooms  of  the  building.  Air  valves  should 
always  be  provided  with  drip  connections  carried  to  a  sink  or  dry 
well  in  the  basement. 

When  circulation  coils  are  used,  a  good  method'bf  drainage  is 
to  carry  separate  returns  from  each  coil  to  the  basement,  and  place 
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the  air  valves  in  the  drops  just  below  the  basement  ceiling.  A 
check  valve  should  be  placed  below  the  water  line  in  each 
return. 

The  fan  or  blower  system  for  ventilation  with  direct  radiation 
in  the  rooms  for  warming,  is  considered  to  be  one  of  the  best 
possible  arrangements. 

In  designing  a  plant  of  this  kind  the  main  heating  coil  should 
be  of  sufficient  size  to  warm  the  total  air  supply  to  70  or  75 
degrees  in  the  coldest  weather,  and  the  direct  surface  should  be 
proportioned  for  heating  the  building  independently  of  the  indirect 
system.  Automatic  temperature  regulation  should  be  used  in  con- 
nection with  systems  of  this  kind  by  placing  pneumatic  valves  on 
the  direct  radiation.  It  is  customary  to  carry  from  3  to  8  pounds 
pressure  on  the  direct  system  and  from  8  to  15  on  the  main  coil 
depending  upon  the  outside  temperature.  The  foot-warmers,  ves- 
tibule and  office  heaters  should  be  placed  on  a  separate  line  of 
piping,  with  separate  returns  and  trap,  so  that  they  can  be  used 
independently  of  the  rest  of  the  building  if  desired.  Where  there 
is  a  large  assembly  hall  it  should  be  arranged  so  that  it  may  be 
both  warmed  and  ventilated  when  the  rest  of  the  building  is  shut' 
off.  This  may  be  done  by  a  proper  arrangement  of  valves  and 
dampers.  When  different  parts  of  the  system  are  run  on  different 
pressures  the  returns  from  each  should  discharge  through  separate 
traps  into  a  receiver  having  connection  with  the  atmosphere  by 
means  of  a  vent  pipe.  Fig.  35  shows  a  common  arrangement  for 
the  return  connections  in  a  combination  system  of  this  kind.  The 
different  traps  discharge  into  the  vented  receiver  as  shown,  and 
the  water  is  pumped  back  to  the  boiler  automatically  when  it  rises 
above  a  given  level  in  the  receiver,  a  pump  governor  being  used 
to  start  and  stop  the  pumps  as  required. 

A  water  level  or  seal  of  suitable  height  is  maintained  in  the 
main  returns  by  placing  the  trap  at  the  required  elevation  and 
bringing  the  returns  into  it  near  the  bottom ;  a  balance  pipe  is  con- 
nected  with  the  top  for  equalizing  the  pressure  the  same  as  in  the 
case  of  a  pump  governor.  Sometimes  a  fan  is  used  with  the  heating 
coils  placed  at  the  base  of  the  flues,  instead  of  in  the  rooms.  Where 
this  is  done  the  radiating  surface  may  be  reduced  about  one-half. 
This  system  is  less  expensive  to  install,  but  has  the  disadvantage 
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of  removing  the  heating  surface  from  the  cold  walls  where  it  is 
most  needed. 

Churches.  Churches  may  be  warmed  by  furnaces,  indirect 
steam,  or  by  means  of  a  fan.  For  small  buildings  the  furnace  is 
more  commonly  used.  This  apparatus  is  the  simplest  of  all  and 
is  comparatively  inexpensive.  Heat  may  be  generated  quickly, 
and  when  the  fires  are  no  longer  needed  they  may  be  allowed  to 
go  out  without  danger  of  damage  to  any  part  of  the  system  from 
freezing. 

It  is  not  usually  necessary  that  the  heating  apparatus  be  large 
enough  to  warm  the  entire  building  at  one  time  to  70  degrees  with 
frequent  change  of  air.  If  the  building  is  thorougl  ily  warmed  before 
occupancy,  either  by  rotation  or  by  a  slow  inward  movement  of 
outside  air,  the  chapel  or  Sunday-schoolroom  may  be  shut  off  until 
near  the  close  of  the  service  in  the  auditorium,  when  a  portion  of  the 
warm  air  may  be  turned  into  it.  When  the  service  ends,  the 
switch  damper  is  opened  wide,  and  all  of  the  air  is  discharged  into 
the  Sunday-school  room.  The  position  of  the  warm-air  registers 
will  depend  somewhat  upon  the  construction  of  the  building,  but 
it  is  well  to  keep  them  near  the  outer  walls  and  the  colder  parts 
of  the  room.  Large  inlet  registers  should  be  placed  in  the  floor 
near  the  entrance  doors,  to  stop  cold  drafts  from  blowing  up  the 
aisles  when  the  doors  are  opened,  and  also  to  be  used  as  foot- 
warmers. 

Ceiling  ventilators  are  generally  provided,  but  should  be  no 
larger  than  is  necessary  to  remove  the  products  of  combustion 
from  the  gaslights,  etc.  If  too  large,  much  of  the  warmest  and 
purest  air  will  escape  through  them.  The  main  vent  flues  should 
be  placed  in  or  near  the  floor  and  should  be  connected  with  a  vent 
shaft  leading  outbound.  This  flue  should  be  provided  with  a  small 
stove  or  flue  heater  made  especially  for  this  purpose.  In  cold 
weather  the  natural  draft  will  be  found  sufficient  in  most  cases. 
The  same  general  rules  follow  in  the  case  of  indirect  steam  as 
have  been  described  for  furnace  heating.  The  stacks  are  placed 
beneath  the  registers  or  flues  and  mixing  dampers  provided.  If 
there  are  large  windows,  flues  should  be  arranged  to  open  in  the 
window  sills  so  that  a  sheet  of  warm  air  may  be  delivered  in  front 
of  the  windows,  to  counteract  the  effects  of  cold  down  drafts  from 
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the  exposed  glass.  These  flues  may  usually  be  made  3  or  4  inches 
in  depth,  and  should  extend  the  entire  width  of  the  window. 
Small  r6oms,  such  as  vestibules,  library,  pastor's  room,  etc.,  are 
usually  heated  with  direct  radiators.  Rooms  which  are  used  dur- 
ing the  week  are  often  connected  with  an  independent  heater  so 
that  they  may  be  warmed  without  running  the  large  boilers,  as 
would  otherwise  be  necessary. 

When  a  fan  is  used  it  is  desirable,  if  possible,  to  deliver  the  au- 
to the  auditorium  through  a  large 
number  of  small  openings.  This 
is  often  done  by  constructing  a 
shallow  box  under  each  pew,  run- 
ning its  entire  length,  and  con- 
necting it  with  the  distributing 
ducts  by  means  of  a  pipe  from 
below.  The  air  is  delivered  at  a 
low  velocity  through  a  long  slot, 
as  shown  in  Fig.  36. 

The  warm-air  flues  in  the 
window  sills  should  be  retained 
but  may  be  made  shallower  and 
the  air  forced  in  at  a  high 
velocity. 

Halls.  The  treatment  of  a 
large  audience  hall  is  similar  to 

that  of  a  church,  and  is  usually  warmed  in  one  of  the  three  ways 
already  described.  Where  a  fan  is  used  the  air  is  commonly 
delivered  through  wall  registers  placed  in  part  near  the  floor  and 
partly  at  a  height  of  7  or  8  feet  above  it.  They  should  be  made 
of  ample  size,  so  that  there  will  be  freedom  from  draughts.  A  part 
of  the  vents  should  be  placed  in  the  ceiling  and  the  remainder 
near  the  floor.  All  ceiling  vents  both  in  halls  and  churches  should 
be  provided  with  dampers,  having  means  for  holding  them  in  any 
desired  position.  If  indirect  gravity  heaters  are  used,  it  will 
generally  be  necessary  to  place  heating  coils  in  the  vent  flues  for 
use  in  mild  weather;  but  if  the  fiesh  air  is  supplied  by  means  of  a 
fan  there  will  usually  be  pressure  enough  in  the  room  to  force  the 
air  out  without  the  aid  of  other  means.  When  the  vent  air  ways 


Fig.  36. 
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are  restricted,  or  the  air  is  impeded  in  any  way,  electric  ventilating 
fans  are  often  used.  These  give  especially  good  results  in  warmer 
weather,  when  natural  ventilation  is  sluggish.  The  temperature 
may  be  regulated  either  by  using  the  double  duct  system  or  by 
shutting  off  or  turning  on  a  greater  or  less  number  of  sections  in 
the  main  heater.  After  an  audience  hall  is  once  warmed  and  filled 
with  people,  very  little  heat  is  required  to  keep  it  comfortable,  even 
in  the  coldest  weather. 

Theaters.  In  designing  heating  and  ventilating  systems  for 
theaters,  a  wide  experience  and  the  greatest  care  are  necessary  to 
secure  the  best  results.  A  theater  consists  of  three  parts:  the 
body  of  the  house,  -or  auditorium ;  the  stage  and  dressing-rooms ; 
and  the  foyer,  lobbies,  corridors,  stairways  and  offices.  Theaters 
are  usually  located  in  cities,  and  surrounded  with  other  buildings 
on  two  or  more  sides,  thus  allowing  no  direct  connection  by 
windows  with  the  external  air ;  for  this  reason  artificial  means  are 
necessary  for  providing  suitable  ventilation,  and  a  forced  circula- 
tion by  means  of  a  fan  is  the  only  satisfactoiy  means  of 
accomplishing  this.  It  is  usually  advisable  to  create  a  slight 
excess  .of  pressure  in  the  auditorium,  in  order  that  all  openings 
shall  allow  for  the  discharge  rather  than  the  inward  leakage  of 
air. 

The  general  and  most  approved  method  of  air  distribution  is 
'to  force  it  into  closed  spaces  beneath  the  auditorium  and  balcony 
floors,  and  allow  it  to  discharge  upward  through  small  openings 
among  the  seats.  One  of  the  best  methods  is  through  chair-legs 
of  special  latticed  design,  which  are  placed  over  suitable  openings 
in  the  floor ;  in  this  way  the  air  is  delivered  to  the  room  in  small 
streams  at  a  low  velocity  without  drafts  or  currents.  The  dis- 
charge ventilation  should  be  largely  through  ceiling  vents,  and 
this  may  be  assisted  if  necessary  by  the  use  of  ventilating  fans. 
Vent  openings  should  also  be  provided  at  the  rear  of  the  balconies 
either  in,  the  wall  or  ceiling,  and  these  should  be  connected  with 
an  exhaust  fan  either  in  the  basement  or  attic,  as  is  most 
convenient. 

The  close  seating  of  the  occupants  produces  a  large  amount 
of  animal  heat,  which  usually  increases  the  temperature  from  6  to 
10  degrees,  or  even  more ;  so  that  in  considering  a  theater  once 
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filled  and  thoroughly  warmed  it  becomes  more  of  a  question  of 
cooling  than  one  of  warming  to  produce  comfort. 

Office  Buildings.  This  class  of  buildings  may  be  satisfac- 
torily warmed  by  direct  steam,  hot  water,  or  where  ventilation  is 
desired  by  the  fan  system.  Probably  direct  steam  is  used  more 
frequently  than  any  other  system  for  this  purpose.  Vacuum 
systems  are  well  adapted  to  the  conditions  usually  found  in  this 
type  of  building,  as  most  modern  office  buildings  have  their  own 
light  and  power  plants,  and  the  exhaust  steam  can  be.  thus 
utilized  for  heating  purposes.  The  piping  may  be  either  single 
or  double.  If  the  former  is  used  it  is  better  to  carry  a  single 
main  riser  to  tke  upper  story  and  run  drops  to  the  basement, 
as  by  this  means  the  flow  of  steam  and  water  are  in  the  same 
direction  and  much  smaller  pipes  can  be  used  than  would  be  the 
case  if  risers  were  carried  from  the  basement  upward.  Special 
provision  must  be  made  for  the  expansion  of  the  risers  or  drops  in 
tall  buildings.  They  are  usually  anchored  at  the  center  and 
allowed  to  expand  in  both  directions.  The  connections  with  the 
radiators  must  not  be  so  rigid  as  to  cause  undue  strains  or  lift  the 
radiators  from  the  floor. 

It  is  customary  in  most  cases  to  make  the  connections  with 
the  end  farthest  from  the  riser ;  this  gives  a  length  of  horizontal 
pipe  which  has  a  certain  amount  of  spring,  and  will  care  for  any 
vertical  movement  of  the  riser  which  is  likely  to  occur.  Forced 
hot-water  circulation  is  often  used  in  connection  with  exhaust 
steam.  The  water  is  warmed  by  the  steam  in  large  heaters, 
similar  to  feed-water  heaters,  and  circulated  through  the  system 
by  means  of  centrifugal  pumps.  This  has  the  usual  advantage 
•of  hot  water  over  steam,  inasmuch  as  the  temperature  of  the 
radiators  may  be  regulated  to  suit  the  conditions  of  outside 
temperature. 

Apartment  Houses.  These  are  warmed  by  furnaces,  direct 
steam  and  hot  water.  Furnaces  are  more  often  used  in  the  smaller 
houses,  as  they  are  cheaper  to  install,  and  require  a  less  skilful 
attendant  to  operate  them.  Steam  is  probably  used  more  than 
any  other  system  in  blocks  of  larger  size.  A  well-designed  single 
pipe  connection  with  automatic  air  valves  dripped  to  the  base- 
ment is  probably  the  most  satisfactory  in  this  class  of  work 
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People  who  are  more  or  less  unfamiliar  with  steam  systems  are 
apt  to  overlook  one  of  the  valves  in  shutting  off  or  turning  on 
steam,  and  where  only  one  valve  is  used,  the  difficulty  arising  from 


Fig.  37. 

this  is  avoided.  Where  pet-cock  air  valves  are  used  they  are 
often  left  open  through  carelessness,  and  the  automatic  valves, 
unless  dripped,  are  likely  to  give  more  or  less  trouble. 

Greenhouses  and  conservatories  are  heated  in  some  cases  by 
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steam  .and  in  others  by  hot  water,  some  florists  preferring  one  and 
some  the  other.  Either  system  when  properly  designed  and  con- 
structed should  give  satisfaction,  although  hot  water  has  its  usual 
advantage  of  a  variable  temperature.  The  methods  of  piping  are 
in  a  general  way  like  those  already  described,  and  the  pipes  may 
be  located  to  run  underneath  the  beds  of  growing  plants  or  above 
as  bottom  or  top  heat  is  desired.  The  main  is  generally  run  near 
the  upper  part  of  the  greenhouse  and  to  the  furtherest  extremity 
in  one  or  more  branches,  with  a  pitch  upward  from  the  heater  for 
hot  water  and  with  a  pitch  downward  for  steam.  The  principal 


radiating  surface  is  made  of  parallel  lines  of  1|  inch,  or  larger, 
pipe,  placed  under  the  benches  and  supplied  by  the  return  current. 
Figs.  37,  38  and  39  show  a  common  method  of  running  the  piping 
in  greenhouse  work.  Fig.  37  shows  a  plan  and  elevation  of  the 
building  with  its  lines  of  pipe,  and  Figs.  38  and  39  give  details  of 
the  pipe  connections  of  the  outer  and  inner  groups  of  pipes 
respectively. 

Any  system  of  piping  which  gives  free  circulation  and  which 
is  adapted  to  the  local  conditions  should  give  satisfactory  results. 
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The  radiating  surface  may  be  computed  from  the  rules  already 
given.  As  the  average  greenhouse  is  composed  almost  entirely 
of  glass  we  may  for  purposes  of  calculation  consider  it  such,  and 
if  we  divide  the  total  exposed  surface  by  4  we  shall  get  practically 
the  same  result  as  if  we  assumed  a  heat  loss  of  85  B.  T.  U.  per 
square  foot  of  surface  per  hour  and  an  efficiency  of  330  B.  T.  U» 


Fig.  39. 

for  the  heating  coils;  so  that  we  may  say  in  general  that  the 
square  feet  of  radiating  surface  required  equals  the  total  exposed 
surface  divided  by  4  for  steam  coils  and  by  2.5  for  hot  water. 
These  results  should  be  increased  from  10  to  20  per  cent  for  ex- 
posed locations. 

CARE  AND  MANAGEMENT. 

The  care  of  furnaces,  hot-water  heaters  and  steam  boilers  has 
been  discussed  in  connection  with  the  design  of  these  different 
systems  of  heating,  and  need  not  be  repeated.  The  management 
cf  the  heating  and  ventilating  systems  in  large  school  buildings  is 
a  matter  of  much  importance,  especially  in  those  using  a  fan 
system;  to  obtain  the  best  results  as  much  depends  upon  the  skill 
of  the  operating  engineer  as  upon  that  of  the  designer. 

Beginning  in  the  boiler  room,  he  should  exercise  special  care 
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in  the  management  of  his  fires,  and  the  instruction  given  in 
"  Boiler  Accessories  "  should  be  carefully  followed ;  all  flues  and 
smoke  passages  should  be  kept  clear  and  free  from  accumulations 
of  soot  and  ashes  by  means  of  a  brush  or  steam  jet.  Pumps  and 
engine  should  be  kept  clean  and  in  perfect  adjustment,  and  extra 
care  should  be  taken  when  they  are  in  rooms  through  which  the 
air  supply  is  drawn,  or  the  odor  of  oil  will  be  carried  to  the 
rooms.  All  steam  traps  should  be  examined  at  regular  intervals 
to  see  that  they  are  in  working  order,  and  upon  any  sign  of 
trouble  they  should  be  taken  apart  and  carefully  cleaned. 

The  air  valves  on  all  direct  and  indirect  radiators  should  be 
inspected  often,  and  upon  the  failure  of  any  room  to  heat  properly 
the  air  valve  should  first  be  looked  to  as  a  probable  cause  of  the 
difficulty.  Adjusting  dampers  should  be  placed  in  the  base  of 
each  flue,  so  that  the  flow  to  each  room  may  be  regulated  inde- 
pendently. In  starting  up  a  new  plant  the  system  should  be  put 
in  proper  balance  by  a  suitable  adjustment  of  these  dampers,  and 
when  once  adjusted  they  should  be  marked  and  left  in  these 
positions.  The  temperature  of  the  rooms  should  never  be  regu- 
lated by  closing  the  inlet  registers.  These  should  never  be 
touched  unless  the  room  is  to  be  unused  for  a  day  or  more. 

In  designing  a  fan  system  provision  should  be  made  for  "air 
rotation  "  ;  that  is,  the  arrangement  should  be  such  that  the  same 
air  may  be  taken  from  the  building  and  passed  through  the  fan 
and  heater  continuously.  This  is  usually  accomplished  by  closing 
the  main  vent  flues  and  the  cold-air  inlet  to  the  building,  then 
opening  the  class-room  doors  into  the  corridor  ways,  and  drawing 
the  air  down  the  stairwells  to  the  basement  and  into  the  space 
Jback  of  the  main  heater  through  doors  provided  for  this  purpose. 
In  warming  up  a  building  in  the  morning  this  should  always  be 
practiced  until  about  fifteen  minutes  before  school  opens.  The 
vent  flues  should  then  be  opened,  doors  into  corridors  closed,  and 
cold-air  inlets  opened  wide,  and  the  full  volume  of  fresh  air  taken 
from  out  of  doors. 

At  night  time  the  dampers  m  the  main  vents  should  be 
closed,  to  prevent  the  warm  air  contained  in  the  building  from 
escaping.  The  fresh  air  should  be  delivered  to  the  rooms  at  a 
temperature  of  from  70  to  75  degrees,  and  this  temperature  must 
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be  obtained  by  proper  use  of  the  shut-off  valves,  thus  running  a 
greater  or  less  number  of  sections  on  the  main  heater.  A  little 
experience  will  show  the  engineer  how  many  sections  to  carry  for 
different  degrees  of  outside  temperature.  A  dial  thermometer 
should  be  placed  in  the  main  warm-air  duct  near  the  fan,  so  that 
the  temperature  of  the  air  delivered  to  the  rooms  can  be  easily 
noted. 


Fig.  40. 

The  exhaust  steam  from  the  engine  and  pumps  should  be 
turned  into  the  main  heater ;  this  will  supply  a  greater  number  of 
sections  in  mild  weather  than  in  cold,  owing  to  the  less  rapid 
condensation. 

STEAM  FITTING. 

In  order  to  design  a  system  intelligently  the  engineer  should 
have  some  knowledge  of  the  methods  of  actual  construction,  the 
tools  used,  etc.  It  is  customary  where  a  piece  of  work  is  to  be 
done  to  send  a  supply  of  pipe  and  fittings  to  the  building  some- 


Fig.  41. 

what  greater  than  is  required,  and  the  workman  after  receiving 
the  plans  of  construction,  which  show  the  location  and  sizes  of  the 
various  pipes  to  be  erected,  makes  his  own  measurements,  cuts 
the  pipes  to  the  proper  length  at  the  building,  threads  them  and 
screws  them  into  place. 
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The  tools  belonging  to  this  trade  consist  of  tongs  or  wrenches 
for  screwing  the  pipe  together,  cutters  for  cutting,  taps  and  dies 
for  threading  the  pipe,  and  vises  for  holding  it  in  position  while 
cutting  or  threading.  A  great  variety  of  tongs  and  wrenches  are 


Fig.  42. 

to  be  found  on  the  market.  For  rapid  work  no  tool  is  superior  to 
the  plain  tongs  (shown  in  Fig.  40),  especially  for  the  smaller 
sizes  of  pipeo  The  alligator  wrench  (shown  in  Fig.  41)  is  used 
in  a  similar  manner  on  light  work  and  where  the  pipes  turn  easily. 


'  Fig.  43. 

For  large  pipe,  chain  tongs  of  some  pattern  are  the  ^st,  and  maybe 
used  with  little  danger  of  crushing  the  pipe.  (See  Fig.  42.)  A 
form  of  wrench,  known  as  the  Stilson,  one  form  of  which  is  shown 
in  Fig.  43,  is  widely  used.  The  wrenches  or  tongs  which  are  used 


Fig.  44. 

for  turning  the  pipe,  in  most  cases',  exert  more  or  less  lateral 
pressure,  and  if  too  great  strength  is  applied  at  the  handles  there 
is  a  tendency  to  split  the  pipe.  The  cutter  ordinarily  employed 
for  small  pipe,  consists  of  one  or  more  sharp-edged  steel  wheels, 
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which  are  held  in  an  adjustable  frame  (see  Fig.  44)  ;  the  cutting 
being  performed  by  applying  pressure  and  revolving  it  around 
the  pipe.  A  section  of  one  of  the  cutting  wheels  is  shown  in 
Fig.  45.  With  this  tool  the  cutting  is  accomplished  by  simply 
crowding  the  metal  to  one  side, 
and  hence  burrs  of  considerable 
size  will  be  formed  on  the  out- 
side and  inside  of  the  pipe. 
Usually  the  outside  burr  must 
be  removed  by  filing  before  the 
pipe  can  be  threaded.  The  inside 
burr  forms  a  great  obstruction  Fig-  45. 


Fig.  47. 


to  the  flow  of  steam  or  water,  and  should  in  every  case  be  removed 
by  the  use  of  the  reamer.     There  are  many  forms  of  reamers  for 


Fig.  46. 

use  in  various  cases ;  one  of  the  simplest  is  shown  in  Fig.  46 . 

The  ratchet  drill  is  another  tool  often  used,  and  is  especially 
useful  in  drilling  holes  in  pipes  or  fittings  after  the  work  is  in 


196 


HEATING  AND  VENTILATION. 


57 


place.  One  of  these  is  shown  in  Fig.  47.  A  common  form  of 
vise  used  for  holding  the  pipe  while  cut- 
ting and  threading  is  shown  in  Fig.  48. 
The  combination  vise  is  shown  in  Fig.  49. 
The  dies  for  threading  the  pipes  are 
usually  of  a  solid  form,  each  die  fitting 
into  a  stock  or  holder  with  handles.  (See 
Fig.  50.)  The  cutting  edges  of  the  dies 
should  be  kept  very  sharp  and  clean,  other- 
wise perfect  threads  cannot  be  cut.  In 
cutting  threads  on  wrought  iron  pipe,  oil 
should  always  be  used,  which  will  tend  to 
prevent  heating  and  crumbling,  and  make 
the  work  easier.  In  erecting  pipe  great 
care  should  be  taken  to  preserve  the  proper 
pitch  and  alignment,  and  to  appear  well 
the  pipes  should  be  screwed  together  until 


Fig.  48. 


Fig.  49. 

no  threads  are  in  sight.  Every  joint  should  be  screwed  from 
6  to  8  complete  turns  for  sizes  2  inches  and  under  and  from  8 
to  12  turns  for  the  larger  sizes,  otherwise  there  will  be  danger 
of  leakage. 

In  screwing  pipes  together,  red  or  white  lead  is  often  used. 
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It  will  generally  be  found  that  linseed  or  some  good  lubricating 
oil  will  be  equally  valuable.  If  possible,  the  work  should  be 
arranged  so  that  it  can  be  made  up  with  right  and  left  couplings 
or  other  fittings. 


50. 


Packed  joints,  especially  unions,  are  objectionable  and  likely 
to  leak  after  use.  Flange-unions  with  copper  gaskets  should  be 
used  on  heavy  work.  Good  workmanship  in  pipe-fitting  is  shown 
by  the  perfection  with  which  small  details  are  executed,  and  poor 
workmanship  in  any  of  the  particulars  mentioned  may  defeat  the 
perfect  operation  of  the  best  designed  plant. 
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PLUMBING  FIXTURES. 

Bath  Tubs.  There  are  many  varieties  of  bath  tubs  in  use  at 
the  present  time,  ranging  from  the  wooden  box  lined  with  zinc  or 
copper  which  was  in  common  use  a  number  of  years  ago  and  is 
still  to  be  found  in  the  old  houses,  to  the  finest  crockery  and 
enameled  tubsVhich  are  now  used  in  the  best  modern  plumbing. 
In  selecting  a  tub  we  should  choose  one  with  as  little  woodwork 
about  it  as  possible.  Those  lined  with  zinc  or  copper  are  hard  to 
keep  clean  and  are  liable  to  leak  and  are,  therefore,  undesirable 
from  a  saiiitary  standpoint.  The  plain  cast  iron  tub,  painted,  is 
the  next  in  cost.  This  makes  a  serviceable  and  satisfactory  tub  if 


.  1. 


kept  painted ;  it  is  used  quite  extensively  in  asylums,  hospitals, 
etc.  One  of  this  type  is  shown  in  Fig.  1.  These  are  sometimes 
galvanized  instead  of  being  painted. 

The  "steel-clad"  tub  shown  in  Fig'.  2  is  a  good  form  for  a 
low-priced  article.  This  tub  is  formed  of  sheet  steel  and  has  a 
lining  of  copper.  This  form  is  light  and  easy  to  handle  ;  it  is  an 
open  fixture  the  same  as  the  cast  iron  tub  and  requires  no  casing. 
It  is  provided  with  cast  iron  legs  and  a  wooden  cap.  Probably 
the  most  common  form  to  be  found  in  the  average  house  at  the 
present  time  is  the  porcelain  lined  iron  tub  as  shown  in  Fig.  3. 
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This  has  a  smooth  interior  finish  and  is  easily  kept  clean.  It  will 
not,  however,  stand  the  hard  usage  of  those  above  described  as 
the  lining  is  likely  to  crack  if  struck  by  any  hard  substance. 

In  Fig.  4  is  shown  a  crockery  or  porcelain  tub  arranged  for 
needle  and  shower  baths.  This  is  a  most  sanitary  article  in  every 
respect  and  requires  no  woodwork  of  any  kind;  being  made  of  one 


Fig.  2. 


piece,  there  is  no  chance  for  dirt  to  collect.  It  is  a  heavy  tub  and 
requires  great  care  in  handling.  This  material  is  very  cold  to  the 
touch  until  it  has  become  thoroughly  warmed  by  the  hot  water. 
Fig.  5  shows  a  seat  bath  and  Fig.  6  a  foot  bath,  both  of  which  are 


Fig.  3. 

very  convenient  and  should  be  placed  in  all  well  equipped  bath 
rooms  if  the  expense  does  not  prohibit  their  use. 

Water  Closets.  There  is  a  great  variety  of  water  closets 
from  which  to  choose,  many  operating  upon  the  same  principle 
but  varying  slightly  in  form  and  finish.  The  best  are  made  of 
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porcelain,  the  bowl  and  trap  being  in  one  piece  without  corners  or 
crevices  so  that  they  are  easily  kept  clean.  The  top  of  the  bowl 
is  provided  with  a  wooden  rim  and  cover.  The  general  arrange- 
ment of  seat  and  flushing  tank  is  shown  in  Fig.  7.  A  section 
through  the  bowl  is  shown  in  Fig.  8.  This  type  is  known  as  a 


Fig. 


syphon  closet,  and  those  i.mde  on  this  principle  are  probably  the 
most  satisfactory  of  any  in  present  use.  They  are  made  in  differ- 
ent forms  by  various  manufacturers  but  each  involves  the  prin- 
ciple which  gives  it  its  name.  Water  stands  in  the  bottom  as 
shown,  thus  forming  a  seal  against  gases  from  the  sewer. 
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When  the  closet  is  flushed,  water  rushes  down  the  pipe  and  fills 
the  small  chamber  at  the  rear  which  discharges  in  a  jet  at  the 
bottom  as  shown  by  the  arrow.  The  syphon  action  thus  set  up 
draws  the  entire  contents  of  the  bowl  over  into  the  soil  pipe.  In 
the  meantime  a  part  of  the  water  from  the  tank  fills  the  hollow 
rim  of  the  bowl  and  is  discharged  in  a  thin  stream  around  the 


Fig.  5. 


Fig.  6. 


Fig.  7. 


entire  perimeter  which  thoroughly  washes  the  inside  of  the  bowl 
each  time  it  is  flushed.  Fig.  9  shows  a  form  called  the  "  wash- 
out" closet.  In  this  case  the  whole  of  the  water  is  discharged 
through  the  flushing  rim  but  with  greater  force  at  the  rear  which 
washes  the  contents  of  the  upper  bowl  into  the  lower  which  over- 
flows into  the  soil  pipe.  This  is  a  good  form  of  closet  and  is 
widely  used.  A  similar  form,  but  without  the  upper  bowl  is 
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shown  in  Fig.  10.  This  is  known  as  the  "wash  down"  closet 
and  operates  in  the  manner  already  described.  The  water  enters 
the  bowl  through  the  flushing  rim  and  discharges  its  contents  by 


Fig.  8. 


Fig.  9. 


overflowing  into  the  soil  pipe.     This  is  a  simple  form  of  closet 
and  easily  kept  clean. 

One  of  the  simplest  closets  is  the  "hopper"  shown  in  Fig.  11. 
This  consists  of  a  plain  bowl  of  porcelain  or  cast  iron  tapering  to 


Fig.  10. 


Fig.  11. 


an  outlet  about  4"  in  diameter  at  the  bottom.  It  is  connected 
directly  with  the  soil  pipe  as  shown.  The  trap  may  be  placed 
either  above  the  floor  or  below  as  desired.  They  are  provided 
with  a  flashing  rim  at  the  top  similar  to  that  already  described. 
This  type  of  closet  is  the  cheapest  but  at  the  same  time  the  least 
satisfactory  of  any  of  the  different  kinds  shown. 
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It  is  sometimes  desirable  to  place  a  closet  in  a  location  where 
there  would  be  danger  of  freezing-if  the  usual  form  of  flushing 
tank  was  used.  Fig.  12  shows  an  arrangement  which  may  be 
used  in  a  case  of  this  kind.  The  valve  and  water  connections  are 
placed  below  the  frost  line  and  a  pipe  not  shown  in  the  cut  is 
earned  up  to  the  rim  of  the  bowl.  Whenthe  rim  is  shut  down  the 


Fig.  12. 

valve  is  opened  by  means  of  the  chain  attached  to  it  and  water 
flows  through  the  bowl  while  in  use.  When  released,  the  weight 
on  the  lever  closes  the  valve  and  raises  the  wooden  rim  to  its 
original  position.  Any  water  which  remains  in  the  flush  pipe  is 
drained  to  the  soil  pipe  through  a  small  drip  pipe  which  is  seen  in 
the  cut. 

Urinals.  A  common  form  of  urinal  is  shown  in  Fig.  13. 
The  partitions  and  slab  at  the  back  are  either  of  slate  or  marble 
and  the  bowl  of  porcelain.  They  may  be  flushed  like  a  closet. 
Fig.  14  shows  a  section  through  the  bowl  and  indicates  the 
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manner  of  flushing,  partly  through  the  rim  and  partly  at  the  back. 
The  trap  or  seal  is  shown  at  the  bottom.  Another  form  is  shown 
in  Fig.  15.  In  this  case  the  bowl  remains  partly  filled  with 
water  which  forms  a  seal  as  shown.  It  is  flushed  both  through 
the  rim  and  the  passage  at  the  back.  In  action  it  is  the  same  as 
the  syphon  closet  shown  in  Fig.  8  and  the  bowl  is  drained  each 


Fig.  13. 


Fig.  14. 


time  it  is  flushed,  but  immediately  fills  with  water  to  the  level 
indicated. 

An  automatic  flushing  device  is  illustrated  in  Fig.  16.  When 
the  water  line  in  the  tank  reaches  a  given  level,  the  float  lever 
releases  a  catch  and  flushes  the  urinal.  The  intervals  of  flushing 
can  be  regulated  by  adjusting  the  cock  shown  in  the  inlet  pipe, 
near  the  bottom  of  the  tank. 

A  simple  form  of  urinal  commonly  used  in  schools  and  public 
buildings  is  shown  in  Fig.  17.  This  is  flushed  by  means  of 
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small  streams  of  water  which  are  dis- 
charged through  the  perforated  pipe 
near  the  top  of  the  slab  at  the  back 
and  run  down  in  a  thin  sheet  to  the 
gutter  at  the  bottom. 

Lavatories.  Bowls  and  lava- 
tories can  be  had  in  almost  any  form. 
Fig.  18  shows  a  simple  corner  lava- 
tory, made  of  porcelain  and  provided 


Fig.  17. 


Fig.  16. 

with  hot  and 
cold  water  fau- 
cets. It  has  an 
overflow,  shown 
by  the  small 
openings  at  the 
back  and  a  rub- 
ber plug  for  clos- 
ing the  drain  at 
the  bottom. 

The  lavatory 
shown    in    Fig. 

19  is    provided 
with  marble 
slabs  and  is  more 
expensive.    Fig. 

20  shows  a  sec- 
tion through  the 
bowl.        The 
waste  pipe  is  at 
the  back,  which 
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brings  the  plug  and  chain  well  out  of  the  way.  A  pattern  still 
more  elaborate  is  shown  in  Fig.  21,  and  a  section  through  the 
bowl  in  Fig.  22.  The  waste  pipe  plug  in  this  case  is  in  the 
form  of  a  hollow  tube  and  acts  as  an  overflow  when  closed  and 
as  a  strainer  when  open.  It  is  held  open  by  means  of  a  slot  and 


Fig.  18. 


Fig.  19. 


pin  near  the  top.  Fig.  23  shows  a  bowl  so  arranged  that  either 
hot,  cold  or  tepid  water  may  be  drawn  through  the  same  opening 
which  is  placed  well  down  in  the  bowl  where  it  is  out  of  the  way. 


Fig.  20. 

Sinks.  Sinks  are  made  of  plain  wood,  and  of  wood  lined 
with  sheet  metal,  such  as  copper,  zinc  or  galvanized  iron.  They 
are  also  made  of  sheet  steel,  cast  iron,  either  plain,  galvanized  or 
enameled,  and  of  soapstone  and  porcelain.  Each  has  its  advan- 
tages and  disadvantages.  The  wooden  sink  is  liable  to  leak, 
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and  is  difficult  to 
keep  thoroughly 
clean.  The  lined 
sink  is  most  satis- 
factory when  new, 
but  holes  are  quite 
easily  cut  or 
punched  through 
the  lining  and  it 
then  becomes  very 
objectionable  from 
a  sanitary  stand- 
point as  the  greasy 
water  and  vege- 
table matter  which 
works  througli  the 
opening  causes  the 
woodwork  to  decay 
rapidly  and  to  give 
off  in  the  process 
a  gas  which  is  not 
only  unhealthful  but 
the  underside  so  that 


Fig.  21. 

tends  to  destroy  the  lining  of  the  sink  from 
its  destruction  is  rapid  after  a  leak  is  once 
started.  The  cast 
iron  sink  is  satisfac- 
tory. The  appearance 
is  improved  by  galvan- 
izing, but  this  soon 
wears  off  on  the  in- 
side.  Enameled 
sinks  are  easily  kept 
clean  but  likely  to 
become  cracked  or 
broken  from  hard 
usage  or  from  ex- 
tremes of  hot  or  cold ; 
the  porcelain  sink  has 
the  same  defects; 
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they  are  both  however  well  adapted  to  places  where  they  will 
receive  careful  usage. 

Taking  all  points  into  consideration  the  soapstone  sink  may 
perhaps  be  considered  the  most  satisfactory  for  all-around  use. 


Fig. 


It  will  not  absorb  moisture  ;  is  not  affected  by  the  action  of  acids; 
oil  or  grease  will  not  enter  the  pores  and  it  is  not  injured  by  hot 
water  nor  liable  to  crack. 

Fig.  24  shows  the  ordinary  cast  iron  sink,  made  to  be  set  in 
a  wooden  casing  ;  this  is  not  to  be  recommended  however,  and  it  is 


Fig.  24. 

much  better  to  support  them  upon  iron  brackets  or  legs.  Fig.  25 
shows  an  enameled  sink  mounted  in  this  way.  A  porcelain  sink 
with  dish  racks  is  shown  in  Fig.  26.  This  is  a  good  form  for  a 
pantry  sink  which  is  used  only  for  washing  cutlery,  glassware, 
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crockery,  etc.,  and  is  not  subjected  to  hard  usage.  A  slop  sink  is 
shown  in  Fig.  27.  This,  as  will  be  noticed,  is  provided  with  an 
extra  large  waste  pipe  and  trap  to  prevent  clogging.  These  sinks 
are  made  of  cast  iron  with  different  finishes  and  of  porcelain. 

Set  tubs,  for  laundry  use  are  made  of  soapstone,  slate,  cast 
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iron  (enameled  or  galvanized)  and  of  porcelain.  What  has  been 
said  in  regard  to  kitchen  sinks  applies  equally  well  in  this  case. 

A  set  of  enameled  tubs  is  shown  in  Fig.  28. 

Traps.  A  trap  is  a  loop  or  water  seal  placed  in  a  pipe  to  pre- 
vent the  gases  from  the  drain  or  sewer  from  passing  up  through  the 
waste  pipes  of  the  fixtures  into  the  rooms.  A  common  form  made 
up  of  cast  iron  pipe  and  known  as  a  "  running  trap  "  is  shown  in 
Fig.  29.  A  trap  of  this  form  is  placed  in  the  main  drain  pipe  of  a 
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building  outside  of  all  the  connections  to  prevent  gases  from  the 
main  sewer  or  cesspool  from  entering  the  building.  A  removable 
cover  is  placed  on  top  of  the  trap  to  give  access  for  cleaning. 

The  floor  trap  shown  in  section  in  Fig.  30  is  made  both  of 
brass  and  of  lead.  It  is  commonly  used  for  kitchen  sinks  and  is 
placed  on  the  floor  just  beneath  the  fixture.  It  is  provided 
with  a  removable  trap  screw  or  clean-out  for  use  when  it  is  desired 


Fig.  26. 

to  remove  grease  or  sediment  from  the  interior.  Fig.  31  shows  a 
common  form  for  lavatories,  which  consists  simply  of  a  loop  in  the 
waste  pipe.  These  are  usually  made  of  brass  and  nickle  plated 
when  used  with  open  fixtures.  A  trap  for  similar  purposes  is 
shown  in  Figs.  32  and  33. 

Figs.  34  and  35  show  a  form  known  as  the  centrifugal  trap  on 
account  of  the  rotary  or  whirling  motion  given  to  the  water  by 
the  peculiar  arrangement  of  the  inlet  and  outlet.  This  motion 
carries  all  solid  particles  to  the  outside  and  discharges  them  with 
the  water,  thus  keeping  the  trap  clear  of  sediment.  Where  there 
is  likely  to  be  a  large  amount  of  grease  in  the  water  as  in  the  case 
of  waste  from  a  hotel  or  restaurant  it  becomes  necessary  to  use  a 
special  form  of  separating  trap  to  prevent  the  waste  pipes  from  becom- 
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ing  clogged.  A  grease  trap  designed  for  this  purpose  is  shown  in 
Fig.  36.  Its  action  is  readily  seen  as  the  fatty  matter  will  be 
separated,  first  by  dropping  into  a  large  body  of  cold  water  and 
then  being  driven  against  the  center  partition  before  an  outlet  can 
be  gained.  The  grease  then  rises  to  the  surface  where  it  cools 
and  can  then  be  easily  removed  as  often  as  necessary. 

Sometimes  a  cellar  or  basement  is  drained  into  a  sewer  which 


Fig.  27. 

is  liable  to  be  filled  at  high  tide  or  from  other  causes  and  a 
special  trap  or  check  must  be  used  to  prevent  the  cellar  from 
becoming  flooded.  Such  a  trap  is  shown  in  Fig.  37.  When 
water  flows  in  from  below,  the  float  rises,  and  the  rubber  rim 
pressing  against  the  valve  seat  prevents  any  passage  through  the 
trap ;  the  cut  shows  the  valve  closed  by  the  action  of  high  water. 
Tanks  or  cisterns  for  flushing  closets  or  other  fixtures  are 
usually  made  of  wood  and  lined  with  zinc  or  copper.  These  are 
generally  placed  inside  a  finished  casing.  A  common  form  is  shown 
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in  Fig.  38.  The  arrangement  of  valves  for  supplying  Avater  to 
the  tank  and  for  flushing  the  fixtures  is  shown  in  Fig.  39.  The 
large  float  or  ball  cock  regulates  the  flow  of  water  into  the  tank 
from  the  street  main  or  house  tank.  When  the  water  in  the  tank 


Fig.  23. 


falls  below  a  certain  level  the  float  drops  and  opens  a  valve,  thus 
admitting  more  water,  and  closes  again  when  the  tank  is  filled. 
The  closet  is  flushed  by  pulling  a  chain  attached  to  the  lever  at 
the  right  which  opens  the  valve  in  the  bottom  of  the  tank  and 
admits  water  to  the  flushing  pipe.  In  this  form  the  valve  remains 
open  only  while  the  lever  is  held  down  by  the 
chain,  the  weight  on  the  other  end  of  the  lever 
closing  the  valve  as  soon  as  the  chain  is  released. 
Another  form  which  is  partially  automatic  is 
shown  in  Fig.  40.  When  the  chain  is  pulled 
it  raises  the  central  valve  from  its  seat  and 
allows  the  water  to  flow  down  the  flush  pipe 
until  the  tank  is  nearly  empty.  When  empty,  the  strong  suction 
seals  the  valve  which  remains  closed  until  the  ehain  is  again 
pulled.  In  this  type  of  valve  a  single  pull  of  the  chain  is  suffi- 
cient to  flush  the  closet  without  further  attention. 

A  purely  automatic    flushing   device   is  shown  in  Fig.   41. 


Fig.  29. 
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The  chain  in  this  case  is  attached  to  the  rim  of  the  seat  so  that 
when  it  is  pressed  down,  the  valve  in  the  compartment  at  the 
bottom, connecting  with  the  flush  pipe  is  closed  and  at  the  same  time 


Fig.  30. 


Fig.  31. 


Fig.  32. 


Fig.  33. 


communication  is  opened  between  the  two  compartments.  When 
the  pull  on  the  chain  is  released  the  valve  connecting  the  flush 
pipe  is  opened  and  the  opening  between  the  compartments  closed 


2i6 


PLUMBING. 


19 


Fig.  34. 


Fig.  33. 
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so  that  the  water  in  the  lower  portion  of  the  tank  flows 
through  the  flush  pipe  into  the  closet  automatically,  and  when 
empty  no  more  can  be  admitted  until  the  lever  is  again  p'dled 
down  and  the. valve  in  the  partition  opened. 


Fig.  36. 


Fig.  37. 


Faucets.  There  are  many  different  forms  of  faucets  in 
use.  The  most  common  is  the  compression  cock  shown  in  Fig. 
42.  This  has  a  removable  leather  or  asbestos  seat  which 
requires  renewing  from  time  to  time  as  it  becomes  worn. 
Fig.  43  shows  a  similar  form,  in  which  the  valve  seat  is 
free  to  adjust  itself,  being  held  in  place  by  a  spring.  Another 


Fig.  38. 


Fig.  39. 


style  often  used  in  hotels  and  other  public  places  is  the  self-closing 
faucet.  These  are  fitted  with  springs  in  such  a  way  that  they 
remain  closed  except  when  held  open.  Two  different  forms  are 
shown  in  Figs.  44  and  45. 

There  are  various  arrangements  for  mixing  the  hot  and  cold 
water  for  bowls  and  bath  tubs  before  it  is  discharged.     This  is 
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accomplished  by  having  both  faucets  connect  with  a  common  nozzle. 
Such  a  device  for  a  lavatory  is  shown  in  Fig.  46. 


Fig.  .40. 


Fig.  41. 


Fig.  42. 


Fig.  43. 


SOIL  AND  WASTE  PIPES. 

Cast-Iron  Pipe.  There  are  many  different  forms  of  soil  pipes 
and  fittings,  and  one  can  best  acquaint  himself  with  these  by 
looking  over  the  catalogues  of  different  manufacturers.  Figs.  47 
and  48  show  two  lengths  of  soil  pipe ;  the  first  is  the  regular 
pattern,  having  only  one  hub,  and  the  second  is  a  length  of  double- 
hub  pipe  ;  this  can  be  used  to  good  advantage  where  many  short 
pieces  are  required. 

Figs.  49  to  57  show  some  of  the  principal  soil  pipe  fittings. 
Figs.  49,  50,  51,  52  and  53  show  quarter,  sixth,  eighth,  sixteenth 


219 


PLUMBING. 


and  return  bends  respectively,  and  by  the  use  of  these  almost  any 
desired  angle  can  be  obtained.  Different  lines  of  pipe  may  be 
connected  by  means  of  the  Y  and  T-Y  branches  shown  in  Figs. 


Fig.  44. 


Pig.  46. 


54,  55,  56  and  57.  The  T-Y  fitting,  Fig.  56,  is  used  in  place  of 
the  Y  branch,  Fig.  54,  in  cases  where  it  is  desired  to  connect  two 
pipes  which  run  perpendicular  to  each  other. 

The  double  T-Y,  Fig.  57,  is  conven- 
ient for  use  in  double  houses  where  a  single 
soil  pipe  answers  for  two  lines  of  closets. 
Pipe  Joints.  Great  care  should  be 
given  to  making  up  the  joints  in  a  proper 
manner,  as  serious  results  may  follow  any 
defective  workmanship  which  allows  sewer 
gas  to  escape  into  the  building.  In  mak- 
ing up  a  joint,  first  place  the  ends  of  the 
pipes  in  position  and  fasten  them  rigidly, 
then  pack  the  joint  with  the  best  picked 
oakum.  In  packing  the  oakum  around 
the  hub,  the  first  layer  must  be  twisted  into  a  small .  rope  so  that 
it  will  drive  in  with  ease  and  still  not  pass  through  to  the  inside 
of  the  pipe  where  the  ends  join. 


Fig.  46. 
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In  a  4-inch  pipe  the  packing  should  be  about  1  inch  in  thick- 
ness and  calked  perfectly  tight  so  that  it  will  hold  water  of  itself 
without  the  lead.  Just  before  the  packing  is  driven  tightly  into 


Fig.  47. 


Fig.  48. 


Fig.  49. 


Fig.  50. 


Fig.  61. 


Fig.  52. 


Fig.  53. 


Fig.  54. 


the  hub,  the  joint  should  be  examined  to  see  that  the  space  around 
the  hub  is  the  same,  so  that  the  lead  will  flow  evenly  and  be  of 
the  same  thickness  at  all  points,  as  the  expansion  and  contraction 
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will  work  an  imperfect  joint  loose  much  sooner  than  one  in  which 
the  lead  is  of  an  even  thickness  all  the  way  around.  Only  the 
best  of  clean  soft  lead  should  be  used  for  this  purpose.  In  calking 
in  the  lead  after  it  has  been  poured,  great  care  must  be  exercised, 
as  the  pipe,  if  of  standard  grade,  is  easily  cracked  and  will  stand 
but  little  shock  from  the  calking  chisel  and  hammer. 

Fig.  58  shows  a  section  through  the  calked  joint  of  a  cast 
iron  soil  pipe. 


Fig.  55. 


Fig.  56. 


Fig.  57. 


Wrought  Iron  Pipe.  This  is  used  but  little  in  connection 
with  the  waste  pipes  except  for  the  purpose  of  back  venting  where 
it  may  be  employed  with  screwed  joints  the  same  as  in  steam 
work.  It  is  sometimes  used  where  only  small  drain  pipes  are 


Fig.  58. 

necessary,  but  is  not  desirable  as  it  is  likely  to  become  choked 
with  rust  or  to  be  eaten  through  by  moisture  from  the  outside. 

Brass  Pipe.  Brass  pipe,  nickle  plated,  is  largely  used  for 
connecting  open  fixtures,  such  as  lavatories  or  bath  tubs,  with  the 
soil  pipe.  It  is  common  to  use  this  for  the  exposed  portions  of 
the  connections  and  to  use  lead  for  that  part  beneath  the  floor  or 
in  partitions.  The  various  fittings  are  also  made  of  brass  and 
finished  in  a  similar  manner. 
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Lead  Pipe.  For  sinks,  bath  tubs,  laundry  tubs,  etc.,  noth- 
ing is  better  for  carrying  off  the  waste  water  than  lead  pipe,  for 
the  reason  that  it  has  a  smooth  interior  surface  which  offers  a 
small  resistance  to  the  flow  of  water,  and  does  not  easily  collect 
dirt  or  sediment.  It  can  also  be  bent  in  easy  curves  which  is  an 
advantage  over  fittings  which  make  abrupt  turns ;  this  is  especi- 
ally important  in  pipes  of  small  size. 

Pipe  Joints.  There  are  two  common  methods  of  making 
joints  in  lead  pipe,  known  as  the  "  cup  joint "  and  the  "  wipe 
joint."  The  first  is  suitable  only  on  small  pipes  or  very  light 
pressures.  This  is  made  by  flanging  the  end  of  one  of  the  pipes 
and  inserting  the  other,  then  filling  in  the  flange  with  solder  by 
means  of  a  soldering  iron,  see  Fig.  59.  In  making  this  joint  great 
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Fig.  59. 


Fig.  60. 


care  should  be  taken  that  the  ends  of  the  pipes  are  round  and  fit 
closely  so  there  will  be  no  chance  for  tfte-  solder  to  run  through 
inside  the  pipe  and  form  obstructions  for  the  collection  of 
sediment. 

The  different  stages  of  a  wipe  joint  are  shown  in  Fig.  60. 
The  ends  of  the  pipes  are  first  cleaned  and .  then  fitted  together 
as  shown  in  the  second  stage.  The  solder  is  melted  in  a  small 
cast  iron  crucible  and  is  carefully  poured  on  the  joint  or  thrown 
on  with  a  small  stick  called  a  "spatting  stick."  As  the  solder 
cools  it  becomes  pasty  and  the  joint  can  be  worked  into  shape  by 
means  of  the  stick  or  a  soft  cloth,  or  both,  depending  upon  the 
kind  of  joint  and  stage  of  operation.  The  final  shape  and  smooth 
finish  is  given  with  the  cloth.  The  ability  to  make  a  joint  of  this 
kind  can  be  attained  only  by  practice,  and  printed  directions  are 
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of  little  value  as  compared  with,  observation  and  actual  practice. 
This  is  the  strongest  and  most  satisfactory  joint  that  can  be  made 
between  two  lead  pipes  or  a  lead  and  brass  or  copper  pipe.  In 
the  latter  case  the  brass  or  copper  should  be  carefully  tinned  as 
far  as  the  joint  is  to  extend  by  means  of  a  soldering  iron. 

Where  lead  waste  pipes  are  to  be  connected  with  cast  iron 
soil  pipes  a  brass  ferule  should  be  used.  Different  forms  of  these 
are  shown  in  Figs.  61  and  62.  The  lead  pipe  is  wiped  to  the 
finished  end  of  the  ferule  while  the  other  end  is  calked  into  the 
hub  of  the  cast  iron  pipe  in  the  manner  already  described.  The 
ferule  should  be  made  heavy  so  as  not  to  be  injured  in  the  proc- 
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ess   of   calking.       Cup   joints    should    never    be    used   for   this 
purpose. 

Tile  Pipes.  Nothing  but  metal  piping  should  be  used  inside 
of  a  building,  but  in  solid  earth,  starting  from  a  point  about  10 
feet  away  from  the  cellar  wall,  we  may  use  salt-glazed,  vitrified,  or 
terra  cotta  pipe  for  making  the  connection  with  the  main  sewer. 
This  pipe  is  made  in  convenient  lengths  and  shapes  and  is  easily 
handled.  Various  fittings  are  made  similar  in  form  to  those 
already  described  for  cast  iron.  In  laying  tile  pipe  each  piece 
should  be  carefully  examined  to  see  that  it  is  smooth,  round,  and 
free  from  cracks.  The  ends  should  fit  closely  all  around,  and  each 
length  of  pipe  should  fit  into  the  next  the  full  length  of  the  hub. 
In  making  the  joints  nothing  but  the  best  hydraulic  cement  should 
be  used,  and  great  care  should  be  taken  that  this  is  pressed  well 
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into  the  space  between  the  two  pipes.  All  cement  that  works 
through  into  the  interior  should  be  carefully  removed  by  means  of 
a  swab  or  brush  made  especially  for  this  purpose.  The  earth 
should  be  filled  in  around  a  pipe  of  this  kind  before  the  cement  is 
set  or  else  the  joints  are  likely  to  crack.  Fine  soil  should  be  filled 
in  around  the  pipe  to  a  depth  of  3  or  4  inches,  and  rammed  down 
solid,  and  the  ditch  may  then  be  filled  in  without  regard  to  the 
pipe.  No  tile  pipe  should  be  used  inside  of  a  house  or  nearer 
than  about  10  feet  for  the  reason  it  might  not  stand  the  pressure 
in  case  a  stoppage  should  occur  in  the  sewer.  This  kind  of  pipe 
is  not  intended  to  carry  a  pressure  and  when  used  in  this  way 
is  seldom  entirely  filled  with  water.  Joints  between  iron  and  tile 
piping  are  made  with  cement  in  the  manner  described  for  two 
sections  of  tile. 

Cesspools.  It  is  often  desired  to  install  a  sj'stem  of  plumb- 
ing in  a  building  in  the  country  or  in  a  village  where  there  is  no 
system  of  sewerage  with  which  to  connect.  In  this  case  it  becomes 
necessary  to  construct  a  cesspool.  This  is  always  undesirable,  but 
if  properly  constructed  and  placed  at  a  suitable  distance  from  the 
house  and  in  such  a  position  that  it  cannot  drain  into  a  well  or 
other  source  of  water  supply  it  may  be  used  with  comparative 
safety.  Especial  care  should  be  taken  in  the  construction,  and 
when  in  use  it  should  be  regularly  cleaned.  One  form  of  cess- 
pool is  shown  in  Fig.  63.  This  consists  of  two  brick  chambers 
located  at  some  distance  from  the  building  and  in  a  position  where 
the  ground  slopes  away  from  it  if  possible.  The  larger  chamber 
has  a  clean-out  opening  in  the  top  which  should  be  provided  with 
an  air-tight  cover.  An  ordinary  cast  iron  cover  may  be  made 
sufficiently  tight  by  covering  it  over  with  3  or  4  inches  of  earth 
packed  solidly  in  place.  A  vent  pipe  should  be  carried  from  the 
top  to  such  a  height  that  all  gases  will  be  discharged  at  an  eleva- 
tion sufficient  to  prevent  any  harm. 

The  smaller  chamber  is  connected  with  the  first  by  means  of 
a  soil  pipe  as  shown.  This  chamber  is  arranged  for  absorbing  the 
liquids  and  for  this  purpose  is  provided  with  lengths  of  porous 
tile  radiating  from  the  bottom  as  shown  in  the  plan.  The  house 
drain  connects  with  the  larger  chamber,  which  fills  to  the  level  of 
the  overflow,  then  the  liquid  portion  of  the  sewage  drains  over 
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into  chamber  No.  2  and  is  absorbed  through  the  porous  tile  branches. 
The  solid  part  remains  in  chamber  No.  1,  and  can  be  removed 
from  time  to  time.  A  suitable  trap  should  of  course  be  placed 
in  the  house  drain  in  the  same  manner  as  though  connected  with 
a  street  sewer.  The  safety  of  the  cesspool  will  depend  much  upon 
its  location,  its  general  construction  and  care  and  the  nature  of  the 
soil. 

TRAPS  AND  VENTS. 

Traps.     The   best    method    of   connecting   traps,  and   their 
actual  value  under  all  conditions,  are  matters  upon  which  there  is 


Fig.  63. 

much  difference  of  opinion.  Cities  also  vary  in  their  require- 
ments to  a  greater  or  less  extent,  so  that  it  will  be  possible  to 
show  in  a  general  way  only  the  various  principles  involved  and  to 
illustrate  what  is  considered  good  practice,  in  the  average  case,  at 
the  present  time. 

A  separate  trap  should  in  general  be  placed  in  the  waste  pipe 
from  each  fixture,  although  several  of  a  kind,  such  as  lavatories, 
etc.,  are  often  drained  through  a  common  trap,  as  shown  in  Fig.  64. 

In  addition  to  the  traps  at  the  fixtures  a  main  or  running 
trap  is  placed  in  the  main  soil  pipe  outside  of  all  the  connections; 
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this  is  sometimes  placed  in  a  manhole  just  outside  the  building, 
but  more  commonly  in  the  cellar  before  passing  through  the  wall ; 
the  former  method  is  much  to  be  preferred,  as  the  trap  may  be 
cleaned  without  admitting  gases  or  odors  to  the  house.  The  run- 
ning trap  has  been  shown  in  Fig.  29,  and  is  provided  with  a 
removable  cap  for  cleaning. 

The  agencies  which  tend  to  destroy  the  water  seal  of  traps 


are  siphonage,  evaporation,  back  pressure,  capillary  action,  leakage 
and  accumulation  of  sediment. 

Siphonage.  This  can  best  be  illustrated  by  a  few  simple, 
diagrams  showing  the  principles  involved.  In  Fig.  65  is  shown  a 
U  tube  with  legs  of  equal  length  and  filled  with  water.  If  we 


Fig.  65.  Fig.  66.  Fig.  67. 

invert  the  tube,  as  shown  in  Fig.  66,  the  water  will  not  run  out, 
because  the  legs  are  of  equal  length,  and  contain  equal  weights 
of  water,  which  pull  downward  from  the  top  with  the  same  force, 
tending  to  form  a  vacuum  at  the  point  A.  If  one  of  the  legs  is 
lengthened,  as  in  Fig.  67,  so  that  the  column  of  water  is  heavier  on 
one  side  than  on  the  other,  it  will  run  out,  while  atmospheric  pressure 
will  force  the  water  in  the  shorter  tube  up  over  the  bend,  as  there 
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would  be  no  pressure  to  resist  this  action  should  the  column  of 
water  break  at  this  point.  This  action  is  also  assisted  by  the 
adhesion  of  the  particles  of  water  to  each  other.  The  column  of 
water  in  the  tube  may  be  likened  to  a  piece  of  flexible  rope 
hanging  over  a  pulley ;  when  equal  lengths  hang  over  each  side  it 
will  remain  stationary,  but  if  drawn  over  one 
side  slightly,  so  that  one  end  is  heavier  than 
the  other,  the  whole  rope  will  be  drawn  over 
the  pulley  toward  the  longer  and  heavier 
end.  The  first  cause,  due  to  atmospheric 
pressure,  is  the  principal  reason  for  the  action 
of  siphons,  but  the  latter  assists  it  to  some 
extent.  If  the  shorter  leg  of  the  siphon  be 
dipped  in  a  vessel  of  water,  as  shown  in 
Fig.  68,  the  atmospheric  pressure,  which  be- 
fore acted  on  the  bottom  of  the  water  in  the 
tube,  is  transferred  to  the  surface  of  the 
\vater  in  the  vessel,  and  the  flow  through  the  tube  will  con- 
tinue until  the  water  level  in  the  vessel  falls  slightly  below  the 
end  of  the  tube  and  admits  air  pressure,  which  breaks  the  siphon 
action.  Fig.  69  shows  the  same  principle 
applied  to  the  trap  of  a  sink  or  bowl. 
If  the  bowl  is  well  filled  with-  water, 
so  that  when  the  plug  is  removed  from 
the  bottom,  the  waste  pipe  for  some 
distance  below  the  trap  is  filled  with 
a  solid  column  of  water,  a  siphon  action 
will  be  set  up  like  the  one  just  de- 
scribed, and  the  trap  will  be  drained. 
Frequently  a  sufficient  amount  of  water 
runs  down  from  the  fixture  and  sides  of 
the  pipe  above,  the  trap  to  partially  re- 
store the  seal.  This  direct  action  of 


Fig.  68. 


Fig.  69. 


the  water  of  a  fixture  in  breaking  its  own  trap  seal  by  siphoning 
is  called  "self-siphonage." 

A  more  common  form,  where  two  or  more  fixtures  connect  with 
the  same  waste  pipe,  is  shown  in  Fig.  70.  In  this  case  the  seal 
of  the  lower  closet  is  broken  by  the  discharge  of  the  upper.  The 
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failing  column  of  water  leaves  behind  it  a  partial  vacuum  in  the 
soil  pipe,  and  the  outer  air  tends  to  rush  into  the  pipe  through 
the  way  of  least  resistance,  which  is  often  through  the  trap  seals 
of  the  fixtures  below.  The  friction  of  the  rough  sides  of  a  tall 
soli  pipe,  even  though  it  be  open  at  the  roof,  will  sometimes 
cause  more  resistance  to  air  flow  than  the  trap  seals  of  the  fixtures, 
with  the  result  that  they  are  broken,  and 
gases  from  the  drain  are  free  to  enter  the 
building. 

Three  methods  have  been  employed  to 
prevent  the  destruction  of  the  seal  by  siphon- 
age.  The  first  method  devised  was  what  is 
known  as  "  back  venting,"  and  this  is  largely 
in  use  at  the  present  time,  although  careful 
experiments  have  shown  that  in  many  cases 
it  is  not  as  effective  as  it  was  at  first  sup- 
posed to  be,  and  is  considered  by  some 
authorities  to  be  a  useless  complication.  It 
is,  however,  called  for  in  the  plumbing  regu- 
lations of  many  cities,  and  will  be  taken  up 
briefly  in  connection  with  other  methods. 

Back  Venting.  This  consists  in  con- 
necting a  vent  pipe  at  or  near  the  highest 
part  of  the  trap,  as  shown  in  Fig.  71.  The 
action  of  this  arrangement  is  evident;  in 
place  of  the  waste  pipe  receiving  the  air 
necessary  to  fill  it,  through  the  basin,  after 
the  solid  column  of  water  has  passed  down, 
it  is  drawn  in  through  the  vent  pipe,  as 
shown  by  the  arrows,  and  the  seal  remains,  or  should  remain, 
unbroken.  It  also  prevents  "  self-siphonage "  by  breaking  the 
column  of  water  and  admitting  atmospheric  pressure  at  the 
highest  point  or  crown  of  the  trap.  The  vent  not  only  pre- 
vents the  seal  from  being  broken,  as  described,  but  allows  any 
gases  which  may  form  in  the  waste  pipe  to  escape  above  the  roof 
of  the  house.  In  order  to  be  effective,  the  back  vent  should  be 
large,  but  even  when  of  the  same  size  as  the  waste  pipe,  the  flush- 
ing  of  a  closet  will  oftentimes  break  the  seal,  especially  if  the 
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vent  pipe  is  of  considerable  length.  The  vent  often  becomes 
choked,  either  with  the  accumulation  of  sediment  near  the  trap  or 
by  frost  or  snow  at  the  top ;  in  this  case  its  effect  is  of  course 
destroyed.  Another  disadvantage  of  the  back  vent  is  the  hasten- 
ing of  evaporation  from  the  trap  and  the  unsealing  of  fixtures 
which  are  not  often  used. 

The  second  method  of  guarding  against  the  loss  of  seal  by 
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siphonage  is  to  make  the  body  of  the  trap  so  large  that  a  sufficient 
quantity  of  water  will  always  adhere  to  its  sides  after  siphoning 
to  restore  a  seal.  The  pot  or  cesspool  trap  shown  in  Fig.  72  is 
based  on  this  principle. 

The  third  method  consists  in  the  use  of  a  trap  of  such  form 
that  it  will  not  siphon,  and  will  at  the  same  time  be  self-cleaning. 
Among  other  types  the  centrifugal  trap,  shown  in  Figs.  34  and  35, 
Is  claimed  to  fulfil  these  conditions.  The  pot  trap,  while  less 
affected  by  the  siphoning  action,  is  more  or  less  objectionable  on 
account  of  retaining  much  of  the  sediment  and  solid  part  of  the 
sewage  which  falls  into  it. 

Local  Vents.  A  local  vent  is  a  pipe  connected  directly  with 
a  closet  or  urinal  for  carrying  off  any  odor  when  in  use.  It  has 
no  connection  with  the  soil  pipe,  unless  the  trap  seal  becomes 
broken,  and  is  not  provided  for  the  purpose  of  carrying  off  gases 
from  the  sewer.  A  urinal  provided  with  a  local  vent  is  shown  in 
Fig.  73. 

Sometimes  a  small  register  face  back  of  the  fixture,  and  con- 


230 


PLUMBING. 


necting  with  a  flue  in  the  wall,  is  used  in  place  of  the  regular 
local  vent.  In  order  for  a  vent  flue  of  either  form  to  be  of  any 
value,  it  must  be  warmed  to  insure  a  proper  circulation  of  air 
through  it.  This  is  done  in  some  cases  by  placing  a  gas-jet  at 
the  bottom  of  the  flue,  in  others  a  steam  or  hot  water  pipe  is 
run  through  a  portion  of  the  flue,  and  in  still  others  the  vent 
is  carried  up  beside  a  chimney  flue,  from  which  it  may  receive 
sufficient  warmth  to  assist  the  circulation  to  some  extent. 

Main  or  Soil  Pipe  Vent.  It 
is  customary  to  vent  the  main  soil 
pipe  by  carrying  it  through  the 
roof  of  the  building,  and  leaving 
the  end  open.  This  is  shown  in 
Fig.  74.  On  gravel  roofs  which 
drain  toward  the  center,  the  soil 
pipe  is  sometimes  stopped  on  a 
level  with  the  roof,  and  serves  as 
a  rain  leader.  In  other  cases  the 
roof  water  may  be  led  to  the  soil 
pipe  in  the  cellar.  If  the  latter 
method  is  used,  the  water  should 
pass  through  a  deep  trap  before 
connecting  with  the  drain.  These 
arrangements  tend  both  to  flush 
out  the  soil  pipe  and  trap  and 
prevent  the  accumulation  of  sedi- 
ment. 

Fresh  Air  Inlets.  The  fresh  air  inlet  shown  just  above  the  run- 
ning trap  Fig.  74  is  to  cause  a  circulation  of  air  through  the  soil 
pipe,  as  shown  by  the  arrows.  The  connection  should  be  made  just 
inside  of  the  trap,  so  that  the  entire  length  of  the  drain  will  be 
swept  by  the  current  of  fresh  air.  It  is  sometimes  advised  to 
extend  the  fresh  air  pipe  up  to  the  roof,  because  foul  air  may  at 
times  be  driven  out  by  heavy  flushing  of  the  drain  pipe,  but  where 
this  is  done  there  is  much  less  chance  for  circulation,  as  the  inlet 
and  outlet  are  nearly  on  a  level,  and  the  columns  of  air  in  them 
are  more  likely  to  be  balanced.  By  carrying  the  inlet  six  or  eight 
feet  above  the  ground  both  objections  are  overcome  to  some  extent, 
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unless  this  brings  it  near  a  window,  which,  of  course,  would  not 
be  safe.  The  main  trap  does  not  require  a  back  vent,  for  should 
it  be  siphoned  under  ordinary  conditions,  it  will  always  be  filled 
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Fig.  74. 

again  within  a  few  minutes ;  and  if  the  main  soil  pipe  is  open  at 
the  top  and  all  fixtures  are  properly  tapped,  no  harm  would  come 
from  the  slight  leakage  of  gas  into  the  drain  under  these  condi- 
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tions,  and  some  engineers  recommend  the  omission  of  the  running 
trap. 

Where  a  house  drains  into  a  cesspool  instead  of  a  sewer,  it  is 
far  more  necessary  that  the  system  should  be  trapped  against  it 
as  it  gives  off  a  constant  stream  of  the  foulest  gases.  The  usual 
form  of  running  trap  serves  to  protect  the  house,  but  the  cesspool 
should  have  an  independent  vent  pipe  leading  to  some  unobjection- 
able point  and  carried  well  up  above  the  surface  of  the  ground. 

Disposal  of  Sewage.  In  cities  and  towns  having  a  system 
of  sewers,  or  where  there  is  a  large  stream  of  running  water  near 
by,  the  matter  is  a  simple  one.  In  the  first  case,  the  house  drain 
is  merely  extended  to  the  sewer,  into  which  it  should  discharge  at 
as  high  a  point  as  possible,  and  at  an  acute  angle  with  the  direction 
of  flow.  When  the  drain  connects  with  a  stream  it  should  be 
carried  out  some  distance  from  the  shore  and  discharge  under 
water,  an  opening  for  ventilation  being  provided  at  the  bank. 
Where  there  are  neither  sewers  nor  streams,  the  cesspool  must  be 
used.  When  the  soil  is  sufficiently  porous  the  method  shown  in 
Fig.  63  may  be  employed.  Sometimes  the  sewage  is  collected  in 
a  closed  cistern  and  discharged  periodically  through  a  flush  tank 
into  a  series  of  small  tiles  laid  to  a  gentle  grade,  from  8  to  12 
inches  below  the  surface.  By  extending  these  tiles  over  a  sufficient 
area  and  allowing  from  40  to  70  feet  of  tile  for  each  person,  a 
complete  absorption  of  the  sewage  takes  place  by  the  action  of  the 
atmosphere  and  the  roots. 

PIPE  CONNECTIONS. 

The  Bath  Room.  There  are  different  methods  of  connect- 
ing up  the  fixtures  in  a  bath  room,  depending  upon  the 
general  arrangement,  type,  the  kind  of  trap  used,  etc.  Fig.  75 
shows  a  set  of  fixtures  connected  up  with  vented  traps.  Both  the 
soil  and  vent  pipes  are  carried  above  the  roof  with  open  ends. 
No  trap  or  fixture  should  be  vented  into  a  chimney,  as  is  quite 
commonly  done  ;  this  may  work  satisfactorily  when  the  flues  are 
warm,  but  in  summer  time,  when  the  fires  are  out,  there  are  quite 
likely  to  be  down  drafts,  which  cause  the  gases  to  be  carried  into 
the  rooms  through  stoves  or  fireplaces.  The  vent  pipe,  although 
usually  carried  through  the  roof  independently,  is  sometimes 
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connected  with  the  soil  pipe  above  the  highest  fixture  ;  the  soil 
pipe  is  often  made  a  larger  size  through  the  attic  space  and  above 
the  roof  in  order  to  increase  the  upward  flow  of  air  through  it. 
Fig.  76  shows  a  set  of  bath  room  connections  in  which  non-siphon- 
ing traps  are  used  without  back  venting  ;  this  is  a  simpler  and  less 
expensive  method  of  making  the  connections  and  is  especially 
recommended  by  some  engineers.  Its  efficiency  of  course  depends 
upon  the  proper  working  of  the  traps. 


Fig.  75. 

The  bath  room  itself  should  be  well  lighted,  and  if  possible, 
-in  a  location  where  it  will  receive  the  sun.  It  should  be  arranged 
so  that  it  may  be  heated  to  a  higher  temperature  than  other  rooms 
in  the  house  if  desired,  and  it  should  also  be  thoroughly  ventilated, 
the  vent  register  being  placed  5  or  6  feet  above  the  floor  in  order 
that  it  may  carry  off  any  steam  which  rises  from  the  bath  tub. 
The  walls,  doors,  etc.,  should  be  finished  in  a  way  to  make  them 
as  nearly  waterproof  as  possible  ;  some  form  of  good  enamel  paint 
answers  well  for  this  purpose.  Paper  should  never  be  used  on 
the  walls,  nor  carpets  on  the  floors,  which  should  be  of  hard  wood. 
Where  the  expense  is  not  a  matter  of  importance,  glazed  tile  may 
be  used  for  the  floor  and  walls.  Means'  should  always  be  provided 
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for  ventilating  the  bathroom  without  opening  the  door  into  the 

other  rooms,  and  the  greatest  care  should  be  taken  to  keep  not 

only  the  fixtures,  but  the  room  itself,  in  the  most  perfect  order. 

Urinal  Connections.     The  common  form  of  urinal  connection 


Fig.  76.      . 

is  shown  in  Fig.  14.  The  overflow  from  the  trap  ends  in  a  tee, 
the  lower  outlet  of  which  connects  with  the  soil  pipe  and  the 
upper  with  the  vent  pipe.  Where  several 
urinals  are  erected  side  by  side  it  is  usual  to 
omit  the  individual  traps,  using  the  direct 
outlet  connection  shown  in  Fig.  77.  These 
connect  with  a  common  waste  pipe  and  drain 
through  a  single  trap  to  the  soil  pipe. 

Kitchen  Sink  Connections.  Fig.  78 
shows  the  usual  method  of  making  the  con- 
nections for  a  kitchen  sink.  The  waste  and 
vent  are  of  lead,  connected  with  the  main 
cast^iron  soil  and  vent  pipes  by  means  of 
brass  ferules  and  wiped  joints. 

Soil  and  Waste  Pipes.  The  various  fixtures  have  been 
taken  up,  together  with  the  different  kinds  of  traps  which  are  used 
in  connection  with  them,  and  also  the  general  methods  of  making 
the  various  connections  for  waste  and  vent.  We  will  next  take 


Fig.  77. 
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up  some  of  the  points  in  regard  to  the  manner  of  running  and 
supporting  the  different  pipes,  together  with  the  proper  sizes  to  be 
used  under  different  conditions. 

The  waste  pipes  of  necessity  contain  more  foul  matter  and 
therefore  more  harmful  gases  than  the  fixtures,  so  that  especial 
care  must  be  taken  in  their  arrangement  and  construction.  It  is 
advisable  to  keep  all  piping  as-  simple  as  possible,  using  as  few 
connections  as  is  consistent  with  the  proper  working  of  the 
system. 

The  fixtures  on  each  floor  should  be  arranged  to  come  directly 
over  each  other,  so  as 
to  avoid  the  running  of 
horizontal  pipes  across  or 
between  the  floor  beams. 
The  sizes  of  pipes  com- 
monly used  require  such 
a  sharp  grade  that  there 
is  not  sufficient  space, 
in  ordinary  building  con- 
struction, between  the 
floor  boards  and  ceiling 
lath  below  for  horizontal 
runs  of  much  length. 
One  soil  pipe  is  usually 
sufficient  for  buildings 


Fig.  78. 


of  ordinary  size,  and  in 
cold  climates  is  nec- 
essarily carried  down  inside  the  building  to  prevent  freezing. 
One  or  more  waste  pipes  from  sinks,  bathtubs,  etc.,  are  usually 
required  in  addition  to  the  soil  pipe.  These  may  be  connected 
directly  with  the  soil  pipe  (through  traps),  if  located  near  it,  or 
may  be  carried  to  the  basement  vertically  and  then  joined  with 
the  main  drain  pipe  inside  the  running  trap.  These  should  also 
be  placed  on  the  inside  wall  of  the  house,  and,  if  necessary  to 
conceal  them,  the  boxing  used  should  be  put  together  in  such  a 
manner  that  it  may  be  easily  removed  for  inspection. 

The  main  soil  pipe  should  also  be  placed  where  it  can  be 
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seen,  so  that  leaks  may  be  easily  discovered ;  it  is  commonly  run 
along  the  basement  wall  and  supported  by  suitable  brackets  or 
hangers.  If  carried  beneath  the  cellar  floor,  it  should  run  in  a 
brick  trench  with  removable  covers.  In  running  all  lines  of  pipe, 
whether  vertical  or  horizontal,  they  should  be  securely  supported 
and,  in  the  case  of  the  latter,  properly  graded.  Some  of  the 
various  kinds  of  hangers  and  supports  used  are  shown  in  Figs.  79 
and  80.  The  grade  of  the  pipes  should  be  as  sharp  and  as  uniform 
as  possible.  The  velocity  in  the  pipes  should  be  at  least  two  feet 
per  second  to  thoroughly  clean  them  and  prevent  clogging.  Gen- 
erally speaking,  the  pitch  of  the  pipes  should  not  be  in  any  case 
less  than  1  foot  in  50.  In  running  lines  of  soil  pipe,  it  is  best  to 


Fig.  79.  Fig.  80. 

set  the  joints  ready  for  calking  in  the  exact  positions  they  are 
to  occupy  and  resting  upon  the  supports  which  are  intended  to 
hold  them  permanently.  In  this  way  there  is  less  liability  of  sag- 
ging or  loosening  of  the  joints  after  calking.  In  the  running  of 
vertical  pipes,  care  should  be  taken  to  have  them  as  straight  as 
possible  from  the  lowest  fixture  to  the  roof. 

It  is  very  necessary  that  the  pipes  be  given  such  an  align- 
ment that  the  water  entering  them  will  meet  with  no  serious 
obstructions.  Where  vertical  pipes  join  those  which  are  horizon- 
tal, they  should  be  given  a  bend  which  will  turn  the  stream  gradu- 
ally into  the  latter,  thus  preventing  any  resistance  and  the  result- 
ing accumulation  of  deposits.  Horizontal  pipes  may  be  joined 
with  vertical  pipes  without  a  bend,  as  the  discharge  will  be  suffi- 
ciently free  without  it.  However,  it  is  customary  to  use  a  Y  or 
T  branch,  giving  a  downward  direction  to  the  flow  when  connect- 
ing a  closet  or  other  fixture  where  there  is  likely  to  be  much  solid 
matter  in  the  sewage.  Offsets  should  always  be  avoided  as  far 
as  possible,  as  they  obstruct  the  flow  of  both  water  and  air, 
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Pipe  Sizes.  The  most  important  requirements  in  the  case 
of  discharge  pipes  are  that  they  carry  away  the  waste  matter  as 
thoroughly  as  possible  without  stoppage  of  flow  or  eddying,  and 
that  they  be  well  ventilated.  In  order  to  accomplish  this  they 
must  be  given  such  sizes  as  experience  has  shown  to  be  the  best. 
When  water  having  solid  matter  in  suspension  half  fills  a  pipe,  the 
momentum  or  force  for  clearing  the  pipe  will  be  much  greater  than 
when  it  forms  only  a  shallow  stream  in  one  of  a  larger  size,  so  that 
in  proportioning  the  sizes  of  soil  pipes  and  drains  care  must  be 
taken-  that  they  are  not  made  larger  than  necessary,  for  if  the 


Fig.  81. 

stream  becomes  too  shallow  the  pipes  will  not  be  properly  flushed 
and  deposits  are  likely  to  accumulate.  The  amount  of  water  used 
in  a  house  of  ordinary  size,  even  when  increased  by  the  roof  water 
from  a  heavy  rain,  will  easily  be  cared  for  by  a  4-inch  pipe  having 
a  good  pitch.  While  a  pipe  of  this  size  would  seem  to  be  sufficient, 
it  is  found  by  experience  that  it  is  likely  to  become  clogged  at 
times  by  substances  which  through  carelessness  find  their  way  into 
the  drain,  so  that  it  seems  best  to  use  a  somewhat  larger  size. 
For  city  buildings  in  general,  it  is  recommended  that  the  main 
drain  should  not  be  less  than  5  or  6  inches  in  diameter,  and  in 
ordinary  dwelling  houses  not  less  than  5  inches.  The  vertical 
soil  pipes  need  not  be  larger  than  4  inches,  except  in  very  high 
buildings. 

Waste  pipes  may  vary  from  1^  inches  to  2  inches.  The 
waste  from  a  single  bowl  or  lavatory  should  be  1^  inches  in 
diameter,  from  a  bathtub,  kitchen  sink  or  laundry  tub  1}  inches, 
from  a  slop  sink  1|  inches.  Smaller  pipes  should  never  be  used. 
In  laying  out  the  lines  of  piping,  provision  should  be  made  for 
clearing  the  pipes  in  case  of  stoppage.  Fig.  81  shows  how  this 
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may  be  done.  Clean-out  plugs  are  left  at  the  points  indicated  by 
the  arrows,  so  that  flexible  sticks  or  strips  of  steel  may  be  inserted 
to  dislodge  any  obstruction  which  may  occur. 

The  fresh-air  inlet  to  the  main  drain  pipe  has  already  been 
referred  to.  This  should  be  located  away  from  windows,  where 
foul  air  would  be  objectionable;  in  cities  they  may  be  placed 
at  the  curb  line  and  covered  with  a  grating.  Sometimes 
they  are  arranged  as  shown  in 
Fig.  82.  The  opening  is  made 
in  the  usual  way,  and  a  hood 
placed  over  the  inlet,  and  a  pipe 
leading  from  this  is  carried 
through  the  roof.  When  the 
circulation  of  air  is  upward 
through  the  main  soil  pipe  the 
opening  acts  in  the  usual  way, 
that  is,  as  a  fresh-air  inlet,  but 
should  there  be  a  reversal  of 
the  current  from  any  reason, 
which  would  discharge  foul  air 
from  the  sewer,  it  would  be 
caught  by  the  overhanging 

hood  and  carried  upward  through  the  connecting  vent  pipe  to  a 
point  above  the  rool  A  general  layout  for  house  drainage  is 
shown  in  Fig.  83. 

PLUMBING  FOR  VARIOUS  BUILDINGS. 

Dwelling  Houses.  The  bathroom  fixtures,  laundry  tubs  and 
kitchen  sink,  with  the  possible  addition  of  a  slop  sink,  make  up  the 
usual  fixtures  to  be  provided  for  in  the  ordinary  dwelling  house. 
In  houses  of  larger  size  these  may  be  duplicated  to  some  extent, 
but  the  general  methods  of  connection  are  the  same  as  have  already 
been  described  and  need  not  be  taken  up  again  in  detail. 

Apartment  Houses.  These  are  usually  made  up  of  duplicate 
flats,  one  above  the  other,  so  that  the  plumbing  fixtures  may  be  the 
same  for  each.  It  is  customary  to  place  the  x  bathrooms  in  the 
same  position  on  each  floor,  so  that  a  single  soil  pipe  will  care  for 
all 
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Hotels.  Here,  as  in  the  case  just  descrilted,  the  bathrooms 
are  placed  one  above  another,  so  that  a  single  soil  pipe  may  care 
for  each  series,  and  the  problem  then  becomes  that  of  duplicat- 
ing the  layout  for  an  apartment  house.  In  addition  to  the 
private  baths  there  is  a  public  lavatory  or  toilet-room,  usually  on 
the  first  floor  or  in  the  basement.  This  is  fitted  up  with  closets, 


Fig.  83. 

urinals  and  bowls.  The  closet  seats  and  urinals  are  placed  side 
by  side,  with  dividing  partitions,  and  connect  with  a  common  soil 
pipe  running  back  of  them  and  having  a  good  pitch.  Each  fixture 
should  have  its  own  trap.  The  flushing  of  the  fixtures  is  often 
made  automatic,  so  that  pressing  down  the  wooden  rim  of  a  closet 
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eeat  will  throw  a  lever  which  on  being  released  will  flush  the 
closet.  Urinals  are  commonly  made  to  flush  at  regular  intervals 
by  some  of  the  devices  already  shown.  The  lavatories  are  made 
up  in  long  rows,  as  shown 
in  Fig.  84. 

Railroad  Stations.  The 
plumbing  of  a  railroad 
station  is  similar  to  that 
of  a  hotel,  although  even 
greater  care  should  be 
taken  to  make  the  fixtures 
self-cleansing,  as  the 
patrons  are  likely  to  in- 
clude many  of  the  lowest 
and  most  ignorant  class  of 
people.  Special  attention 
should  be  given  to  both 
the  local  ventilation  of  the 
fixtures  and  the  general 
ventilation  of  the  room. 

Schoolhouses.  The 
same  general  rules  hold  in 
the  case  of  school  buildings 
as  in  hotels  and  railroad 
stations.  As  the  pupils 
are  under  the  direct  super- 
vision of  teachers  and  jani- 
tors it  is  not  necessary  to 
have-  the  fixtures  auto- 
matic to  as  great  an  extent 
as  in  the  cases  just  de- 
scribed, and  it  is  customary 
to  flush  the  closets  by 
means  of  tanks,  and  pull 
chains  or  rods,  the  same  as  in  private  dwellings.  The  urinals 
may  be  automatic  or  a  small  stream  of  water  *may  be  allowed 
to  flow  through  them  continuously  during  school  hours.  A  good 
form  for  this  class  of  work  is  shown  in  Fig.  85. 
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Shops  and  Factories.     Some  simple    type  of  fixture  which 
can  be  easily  sared  for  is  best  in  buildings  of  this  kind. 


TESTING  AND  INSPECTION. 


All  plumbing  work  of  any  importance  should  be  given  two 
tests;  the  first,  called   the  "roughing  test,"  applies  only  to  the 
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soil,  waste  and  vent  pipes,  and  is  made  before  the  fixtures  are 
connected.  The  best  method  of  making  this  test  is  to  plug  the 
main  drain  pipe  just  outside  the  running  trap,  aiid  also  all  open- 
ings for  the  connections  of  fixtures,  etc.,  and  then  fill  the  entire 
system  with  water.  This  may  be  done  in  small  systems  through 
the  main  vent  pipe  on  the  roof,  and  in  larger  ones  by  making  a 
temporary  connection  with  the  water  main.  If  any  leaks  are 
present  they  are  easily  detected  in  this  way.  In  cold  weather, 
when  there  would  be  danger  of  freezing,  compressed  air  under  a 
pressure  of  at  least  ten  pounds  per  square  inch  may  be  used  in 
place  of  water.  Leaks  in  this  case  must  be  located  by  the  sound 
of  the  issuing  air.  The  water  test  is  to  be  preferred  in  all  cases, 
as  it  is  easier  to  make,  and  small  leaks  are  more  easily 
detected. 

The  final  test  is  made  after  the  fixtures  are  in  and  all  work 
is  completed.  There  are  two  ways  of  making  this  test,  one  known 
as  the  "  peppermint  test,"  and  the  other  as  the  "  smoke  test."  In 
making  either  of  these,  the  system  should  first  be  flushed  with 
water,  so  that  all  traps  may  be  sealed.  If  peppermint  is  used,  4 
to  6  ounces  of  oil  of  peppermint,  depending  upon  the  size  of  the 
system,  are  poured  down  the  main  vent  pipe,  and  then  a  quart  or 
two  of  hot  water  to  vaporize  the  oil.  The  vent  pipe  is  then 
closed,  and  the  inspector  must  carefully  follow  along  the  lines  of 
piping  and  locate  any  leaks  present  by  the  odor  of  the  escaping 
gas.  Another  and  better  way  is  to  close  the  vent  pipe  and 
vaporize  the  oil  in  the  receiver  of  a  small  air  pump,  and  then 
force  the  gas  into  the  system  under  a  slight  pressure.  The  re- 
ceiver is  provided  with  a  delicate  gage,  so  that  after  reaching  a 
certain  pressure  (which  must  not  be  great  enough  to  break  the 
trap  seals)  the  pump  may  be  stopped  and  the  pressure  noted.  If, 
after  a  short  time,  the  pressure  remains  the  same,  it  is 'known  that 
the  system  is  tight ;  if,  however,  the  pressure  drops,  then  leaks 
are  present  and  must  be  located,  as  already  described.  Ether  is 
sometimes  used  in  place  of  peppermint  for  this  purpose. 

In  making  the  smoke  test  the  system  is  sealed,  and  the  vent 
pipes  closed  in  the  same  manner  as  for  the  test  just  described; 
smok'e  from  oily  waste  or  some  similar  substance  is  then  forced 
into  the  pipes  by  means  of  a  bellows.  When  the  system  is  filled 
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with  smoke,  and  a  slight  pressure  produced,  the  fact  is  shown  by 
a  float,  which  rises  and  remains  in  this  position  if  the  joints  are 
tight.  If  there  are  leaks,  the  float  falls  as  soon  as  the  bellows 
are  stopped.  Leaks  may  be  detected  in  this  way,  both  by  the 
odor  of  the  smoke  and  by  the  issuing  jets  from  leaks  of  any  size. 
Special  machines  are  made  for  both  the  peppermint  and  smoke  tests. 
The  water  test  is  preferable  for  roughing  in,  and  the  smoke 
test  for  the  final.  Every  system  of  plumbing  should  be  tested  at 
least  once  a  year. 

SEWERAGE  AND  SEWAGE  PURIFICATION. 

An  abundant  supply  of  pure  water  is  a  necessity  in  every  town 
and  city ;  and  such  a  supply  having  been  secured  brings  up  the 
question  of  its  disposal  after  being  used.  This  is  plainly  the  re- 
verse of  its  introduction.  As  it  was  distributed  through  a  net- 
work of  conduits,  diminishing  in  size,  with  its  numerous  branches, 
so  it  may  be  collected  again  by  similar  conduits,  increasing  in  size, 
as  one  after  another  they  unite  in  a  common  outlet. 

This  fouled  water  is  called  sewage,  and  the  conduits  which  col- 
lect it  constitute  a  sewerage  system.  In  general,  sewage  is  dis- 
posed of  in  two  ways ;  either  it  must  be  turned  into  a  body  of 
water  so  large  as  to  'dilute  it  beyond  all  possibility  of  offence, 
and  where  it  cannot  endanger  human  life  by  polluting  a  public 
water-supply,  or  it  must  be  purified  in  some  manner. 

The  conduits  which  carry  water  collected  from  street  surfaces 
during  and  after  rains,  or  ground  water  collected  from  beneath 
the  surface,  are  called  drains.  When  one  set  of  conduits  removes 
sewage  and  another  carries  surface  and  ground  water,  it  is  said 
that  the  separate  system  of  sewerage  is  in  use.  Where  one  system 
conveys  both  sewage  and  drainage  water  it  is  called  the  combined 
system.  Various  modifications  of  these  two  systems  are  possible, 
both  for  whole  cities  and  for  limited  areas  within  the  same  town 
or  city. 

A  sanitary  sewerage  system  cannot  be  installed  until  a  public 
water-supply  has  been  provided.  It  is  needed  as  soon  as  that  is 
accomplished,  for  while  the  wells  can  then  be  abandoned  the  volume 
of  waste  water  is  greatly  increased  by  the  water-works  system.  Its 
foulness  is  also  much  increased  through  the  introduction  of  water- 


244 


PLUMBING.  47 


closets.  Without  sewers  and  with  a  public  water-supply  cesspools 
must  be  used,  and  with  these  begins  a  continuous  pollution  of  the 
soil  much  more  serious  than  that  which  commonly  results  from 
closets  and  the  surface  disposal  of  slops. 

Among  the  data  which  should  first  be  obtained  in  laying  out 
a  sewerage  system  are : 

First. — The  area  to  be  served,  with  its  topography  and  the 
general  character  of  the  soil. —  A  contour  map  of  the  whole  town 
or  city,  showing  the  location  of  the  various  streets,  streams,  ponds 
or  lakes,  and  contour  lines  for  each  5  feet  or  so  of  change  in  ele- 
vation, is  necessary  for  the  best  results.  The  general  character  of 
the  soil  can  usually  be  obtained  by  observation  and  inquiry  among 
residents  or  builders  who  have  dug  wells  or  cellars,  or  have  ob- 
served work  of  this  kind  which  was  being  done.  The  kind  of 
soil  is  important  as  affecting  the  cost  of  trenching  and  its  wetness 
or  dryness,  and  this,  together  with  a  determination  of  the  ground- 
water  level,  will  be  useful  in  showing  the  extent  of  underdraining 
necessary. 

Second. — Whether  the  separate  or  combined  system  of  sewer- 
age, or  a  compromise  between  the  two  is  to  be  adopted. —  These 
points  will  depend  almost  wholly  upon  local  conditions.  The  size 
and  cost  of  combined  sewers  is  much  greater  than  the  separate 
system,  since  the  surface  drainage  in  times  of  heavy  rainfall  is 
many  times  as  great  as  the  flow  of  sanitary  sewage.  In  older 
towns  and  cities  it  sometimes  happens  that  drains  for  removing 
the  surface  water  are  already  provided,  and  in  this  case  it  is  only 
necessary  to  put  in  the  sanitary  sewers ;  or  again,  the  latter  may 
be  provided,  leaving  the  matter  of  surface  drainage  for-  future  con- 
sideration. 

If  the  sewage  must  be  purified,  the  combined  system  is  out 
of  the  question,  for  the  expense  of  treating  the  full  flow  in  times 
of  maximum  rainfall  would  be  enormous.  Sometimes  more  or  less 
limited  areas  of  a  town  may  require  the  combined  system,  while 
the  separate  system  is  best  adapted  to  the  remainder ;  and  again 
it  may  be  necessary  to  take  only  the  roof  water  into  the  sewers. 
As  already  stated,  local  conditions  and  relative  costs  are  the 
principal  factors  in  deciding  between  the  separate  and  combined 
systems. 
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. —  Whether  subsoil  drainage  shall  be  provided.---  In 
most  cases  this  also  will  depend  upon  local  conditions.  It  is  al- 
ways an  advantage  to  lower  the  ground-water  level  in  places 
Avhere  it  is  sufficiently  high  to  make  the  ground  wet  at  or  near  the 
surface  during  a  large  part  of  the  year.  In  addition  to  rendering 
the  soil  dry  around  and  beneath  cellars,  the  laying  of  uuderdrains 
is  of  such  aid  in  sewer  construction  as  to  warrant  their  introduc- 
tion for  this  purpose  alone.  This  is  the  case  where  the  trenches 
are  so  wet  as  to  render  the  making  and  setting  of  coment  joints 
difficult.  The  aim  in  all  good  sewer  work  is  to  reduce  the  infil- 
tration of  ground  water  into  the  pipes  to  the  smallest  amount; 
but  in  veiy  wet  soil,  tight  joints  can  be  made  only  with  difficulty, 
and  never  with  absolute  certainty.  Cases  have  befon  kno\\Tn  where 
fully  one-half  the  total  volume  of  sewage  discharged  consisted  of 
ground  water  which  had  worked  in  through  the  joints. 

Fourth. —  The  best  means  for  the  final  disposal  of  the 
sewage. —  Until  recently  it  was  turned  into  the  nearest  river  or 
lake  where  it  could  be  discharged  with  the  least  expense.  The 
principal  point  to  be  observed  in  the  disposal  of  sewage  is  that 
no  public  water-supply  shall  be  endangered.  At  the  present  time 
no  definite  knowledge  is  at  hand  regarding  the  exact  length  of 
time  that  disease  germs  from  the  human  system  will  live  in  water. 
The  Massachusetts  legislature  at  one  time  said  that  no  sewer 
should  discharge  into  a  stream  within  20  miles  of  any  point  where 
it  is  used  for  public  water-supply,  but  it  is  now  left  largely  in  the 
hands  of  the  State  Board  of  Health.  There  may  be  cases  where 
sewage  disposal  seems  to  claim  preference  to  water  supply  in  the 
use  of  a  stream,  but  each  case  must  be  decided  on  its  own  merits. 
Knowing  the  amount  of  water  and  the  probable  quantity  and 
character  of  the  sewage,  it  is  generally  easy  to  determine  whether 
all  of  the  crude  sewage  of  a  city  can  safely  be  discharged  into  the 
body  of  water  in  question.  Averages  in  this  case  should  never 
be  used;  the  water  available  during  a  hot  and  dry  summer,  when 
the  stream  or  lake  is  at  its  lowest,  and  the  banks  and  beds  are  ex- 
posed to  the  sun,  is  what  must  be  considered.  Where  sewage  is 
discharged  into  large  bodies  of  water,  either  lakes  or  the  ocean,  it 
is  generally  necessary  to  make  a  careful  study  of  the  prevailing 
currents  in  order  to  determine  the  most  available  point  of  discharge, 
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in  order  to  prevent  the  sewage  becoming  stagnant  in  bays,  or  the 
washing  ashore  of  the  lighter  portions.  Such  studies  are  com- 
monly made  with  floats,  which  indicate  the  direction  of  the  exist- 
ing currents. 

Fifth. —  Population,  water  consumption  and  volume  of  sewage 
for  which  provision  should  be  made,  together  with  the  rainfall 
data,  if  surface  drainage  is  to  be  installed. — The  basis  for  population 
studies  is  best  taken  from  the  census  reports,  extending  back  many 
years.  By  means  of  these  the  probable  growth  may  be  estimated 
for  a  period  of  from  30  to  50  years.  In  small  and  rapidly  grow- 
ing towns  it  must  be  remembered  that  the  rate  of  increase  is  gen- 
erally less  as  the  population  becomes  greater. 

It  is  desirable  to  design  a  sewerage  system  large  enough  to 
serve  for  a  number  of  years,  20  or  30  perhaps,  although  some 
parts  of  the  work,  such  as  pumping  or  purification  works,  may 
be  made  smaller  and  increased  in  size  as  needed. 

The  pipe  system  should  be  large  enough  at  the  start  to  serve 
each  street  and  district  for  a  long  period,  as  the  advantages  to  be 
derived  from  the  use  of  city  sewers  are  so  great  that  all  houses 
are  almost  certain  to  be  connected  with  them  sooner  or  later.  It 
is  often  necessary  to  divide  a  city  into  districts  in  making  esti- 
mates of  the  probable  growth  in  population.  Thus  the  residential 
sections  occupied  by  the  wealthiest  classes  will  be  comprised  of  a 
comparatively  small  population  per  acre,  due  to  the  large-  size  of 
the  lots.  The  population  will  grow  more  dense  in  the  sections 
occupied  by  the  less  wealthy,  the  well-to-do  and  finally  the  tene- 
ment sections.  In  manufacturing  districts  the  amount  of  sewage 
will  vary  somewhat,  depending  upon  the  lines  of  industry 
carried  on. 

The  total  water  consumption  depends  mainly  upon  the  popu- 
lation, but  no  fixed  rule  can  be  laid  down  for  determining  it 
beforehand.  It  is  never  safe  to  allow  less  than  60  gallons  per 
day  per  capita  as  the  average  water  consumption  of  a  town  if 
most  of  the  people  patronize  the  public  water-supply.  In  general 
it  is  safer  to  allow  100  gallons.  The  total  daily  flow  of  sewage  is 
not  evenly  distributed  through  the  24  hours.  Tne  actual  amount 
varies  widely  during  different  hours  of  the  day.  In  most  towns 
there  should  be  little  if  any  sewage,  if  the  pipes  are  tight  enough 
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to  prevent  inward  leakage,  between  about  10  o'clock  in  the 
evening  and  4  in  the  morning.  From  |  to  |  of  the  daily  flow 
usually  occurs  in  from  9  to  12  hours,  the  particular  hours  varying 
in  different  communities.  This  is  not  of  importance  in  designing 
the  pipe  system,  but  only  affects  the  disposal. 

Rainfall  data  is  usually  hard  to  obtain  except  in  the  cities 
and  larger  towns.  In  cases  of  this  kind  the  data  of  neighboring 
town  or  cities  may  be  used  if  available.  Monthly  or  weekly 
totals  are  of  little  value,  as  it  is  necessary  to  provide  for  the 
heaviest  rains,  as  a  severe  shower  of  15  minutes  may  cause  more 
inconvenience  and  damage,  if  the  sewers  are  not  sufficiently  large, 
than  a  steady  rain  extending  over  a  day  or  two.  A  maximum 
rate  of  1-inch  per  hour  will  usually  cover  all  ordinary  conditions. 
The  proportion  which  will  reach  the  sewers  during  a  given  time 
will  depend  upon  local  conditions,  such  as  the  slope  of  land, 
whether  its  surface  is  covered  with  houses  and  paved  streets, 
cultivated  fields  or  forests,  etc. 

Sixth. —  Extent  and  cost  of  the  proposed  system. —  This  is  a 
matter  largely  dependent  upon  the  local  treasury,  or  the  willing- 
ness of  the  people  to  pay  general  taxes  or  a  special  assessment 
for  the  benefits  to  be  derived. 

DESIGN  AND  CONSTRUCTION. 

The  first  step  is  to  lay  out  the  pipe  or  conduit  system.  For 
this  the  topographical  map  already  mentioned  will  be  found 
useful.  This,  however,  should  be  supplemented  by  a  profile  of  all 
the  streets  in  which  sewers  are  to  be  laid,  in  order  to  determine 
the  proper  grades.  In  laying  out  the  pipe  lines,  special  diagrams 
and  tables  which  have  been  prepared  for  this  purpose  may  be 
used.  In  the  separate  system  it  is  generally  best  to  use  8*  pipe 
as  the  smallest  size  to  lessen  the  risk  of  stoppage,  although  6" 
pipe  is  ample  for  the  volume  of  sanitary  sewage  from  an  ordinary 
residence  street  of  medium  length.  Pipe  sewers  are  generally 
made  of  vitrified  clay,  with  a  salt-glazed  surface.  Cement  pipe  is 
also  used  in  some  cities.  The  size  of  pipe  sewers  is  limited  to 
30  inches  in  diameter,  owing  to  the  difficulty  and  expense  of 
making  the  larger  pipe  and  the  comparative  ease  of  laying  brick 
sewers  of  any  size  from  24  or  30  inches  up.  In  very  wet  ground, 
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cast  iron  pipe  with  lead  joints  is  used,  either  to  prevent  inward 
leakage  or  settling  of  the  pipe. 

The  pipes  should  be  laid  to  grade  with  great  care  and  a  good 
alignment  should  be  secured.  Holes  should  be  dug  for  the  bells 
of  the  pipe,  so  that  they  will  have  solid  bearings  their  entire 
length.  If  rock  is  encountered  in  trenching,  it  will  be  necessary 
to  provide  a  bed  for  the  pipe  which  will  not  be  washed  into  fis- 
sures by  the  stream  of  subsoil  water  which  is  likely  to  follow  the 
sewer  when  the  ground  is  saturated. 

Underdrains.  Where  sewers  are  in  wet  sand  or  gravel, 
underdrains  may  be  laid  beneath  or  alongside  the  sewer.  These 
are  usually  the  ordinary  agricultural  tiles,  from  3  inches  in 
diameter  upward.  They  have  no  joints,  being  simply  hollow 
cylinders,  and  are  laid  with  their  ends  a  fraction  of  an  inch 
apart,  wrapped  with  a  cheap  muslin  cloth  to  keep  out  the  dirt 
until  the  matter  in  the  trench  becomes  thoroughly  packed  about 
them.  These  drains  may  empty  into  the  nearest  stream,  provided 
it  is  not  used  for  a  public  water-supply. 

Hanholes.  These  should  be  placed  at  all  changes  of  grade 
and  at  all  junctions  between  streets.  They  are  built  of  brick  and 
afford  access  to  the  sewer  for  inspection ;  in  addition  to  this  they 
are  sometimes  used  for  flushing.  They  are  provided  with  iron 
covers  which  are  often  pierced  ydth  holes  for  ventilation. 

Sewer  Grades.  The  grades  of  sewers  should  be  sufficient 
where  possible,  to  give  them  a  self-clearing  velocity.  Practical 
experiments  show  that  sewers  of  the  usual  sections  will  remain 
clear  with  the  following  minimum  grades:  Separate  house  con- 
nections, 2  per  cent;  (2-feet  fall  in  each  100  feet  of  length) 
small  street  sewers,  1  per  cent;  main  sewers,  0.7  per  cent.  These 
grades  may  be  reduced  slightly  for  sewers  carrying  only  rain  or 
quite  pure  water. 

The  following  formula  may  be  used  for  computing  the  mini- 
mum grade  for  a  sewer  of  clear  diameter  equal  to  "  d "  inches 
and  either  circular  or  oval  in  section. 

Minimum  grade,  in  per  cent  = 


5  d  +  5  0 
Flushing  Devices.     Where  very  low  grades  are  unavoidable 
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and  at  the  head  of  branch  sewers,  where  the  volume  of  flow  is 
small,  flushing  may  be  used  with  advantage. 

In  some  cases  water  is  turned  into  the  sewer  through  a  man- 
hole, from  some  pond  or  stream,  or  from  the  public  water-works 
system.  Generally,  however,  the  water  is  allowed  to  accumulate 
before  being  discharged,  by  closing  up  the  lower  side  of  the  man- 
hole until  the  water  partially  fills  it,  then  suddenly  releasing  it 
and  allowing  the  water  to  rush  through  the  pipe.  Instead  of 
using  clear  water  from  outside  for  this  purpose,  it  may  be  sufficient 
at  some  points  on  the  system  to  simply  back  up  the  sewage,  by 
closing  the  manhole  outlet,  thus  flushing  the  sewer  with  the  sewage 
itself.  Where  frequent  and  regular  flushing  is  required,  automatic 
devices  are  often  used.  These  usually  operate  by  means  of  a  self- 
discharging  siphon,  although  there  are  other  devices  operated  by 
means  of  the  weight  of  a  tank  which  fills  and  empties  itself  at 
regular  intervals. 

House  Connections.  Provision  for  house  connections  should 
be  made  when  the  sewers  are  laid,  in  order  to  avoid  breaking  up 
the  streets  after  the  sewers  are  in  use.  Y  branches  should  be  put 
in  at  frequent  intervals,  say  from  25  feet  apart  upwards,  according 
to  the  character  of  the  street.  When  the  sewer  main  is  deep 
down,  quarter  bends  are  sometimes  provided,  and  the  house  con- 
nection pipe  carried  vertically  upwards  to  within  a  few  feet  of  the 
surface  to  avoid  deep  digging  when  connections  are  made.  Where 
house  connections  are  made  with  the  main,  or  where  two  sewers 
join,  the  direction  of  flow  should  be  as  nearly  in  the  same  direc- 
tion as  possible,  and  the  entering  sewer  should  be  at  a  little  higher 
level  in  order  to  increase  the  velocity  of  the  inflowing  sewage. 

Depth  of  Sewers  Below  the  Surface.  No  general  rule  can 
be  followed  in  this  matter  except  to  place  them  low  enough  to 
secure  a  proper  grade  for  the  house  connections,  which  are  to  be 
made  with  them.  They  must  be  kept  below  a  point  where  there 
would  be  trouble  from  freezing,  but  the  natural  depth  is  usually 
sufficient  to  prevent  this  in  most  cases. 

Ventilation  of  Sewers.  There  is  more  or  less  difference  in 
opinion  in  regard  to  the  proper  method  of  ventilating  sewer  mains. 
Ventilation  through  house  soil  pipes  is  generally  approved  where 
the  sewers  and  house  connections  are  .properly  constructed  and 
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operated,  and  where  the  houses  on  a  given  street  are  of  a  uniform 
height,  so  that  the  tops  of  all  the  soil  pipes  will  be  above  the  high- 
est windows.  Where  .the  houses  are  uneven  in  height,  or  where 
the  sewerage  system  or  connections  are  not  well  designed  or  con- 
structed, it  is  recommended  that  main  traps  should  be  placed  on 
all  soil  pipes,  and  that  air  inlets  and  air  outlets  be  placed  on  ther 
sewers  at  intervals  of  from  300  to  400  feet. 

The  Combined  System.  The  principal  differences  between 
this  and  the  separate  system  are  in  the  greater  size  of  conduits 
and  the  use  of  catch-basins  or  inlets  for  the  admission  of  surface 
water.  They  are  generally  of  brick,  stone  or  concrete,  or  a 
combination  of  these  materials,  instead  of  vitrified  pipe. 

Another  difference  is  the  provision  for  storm  overflows,  by 
means  of  which  the  main  sewers  when  overcharged  in  times  of 
heavy  rainfall  may  empty  a  part  of  their  contents  into  a  nearby 
stream.  At  such  times  the  sewage  is  diluted  by  the  rain-water, 
while  the  stream  which  receives  the  overflow  is  also  of  unusually 
large  size. 

Size,  Shape  and  Material.  The  actual  size  of  the  sewer, 
and  also  to  a  large  extent  its  shape  and  the  material  of  which  it  is 
constructed,  depends  upon  local  conditions.  Where  the  depth  of 
flow  varies  greatly  it  is  desirable  to  give  the  sewer  a  cross-section 
designed  to  suit  all  flows  as  fully  as  possible. 

The  best  form  to  meet  these  requirements  is  that  of  an  egg 
with  its  smaller  end  placed  downward.  With  this  form  the 
greatest  depth  and  velocity  of  flow  is  secured  for  the  smallest 
amount  of  sewage,  thus  reducing  the  tendency  to  deposits  and  stop- 
pages. Where  sewers  have  a  flow  more  nearly  constant  and  equal 
to  their  full  capacity  the  form  may  be  changed  more  nearly  to  that 
of  an  ellipse.  For  the  larger  sewers  brick  is  the  most  common 
material,  both  because  of  its  low  cost  and  the  ease  with  which  any 
form  of  conduit  is  constructed.  Stone  is  sometimes  used  on  steep 
grades,  especially  where  there  is  much  sand  in  suspension,  which 
would  tend  to  wear  away  the  brick  walls.  Concrete  is  used  where 
leakage  may  be  expected  or  where  the  material  is  liable  to  movement, 
but  is  more  commonly  used  as  a  foundation  for  brick  construction. 

A  catch-basin  is  generally  placed  at  each  street  corner  and 
provided  with  a  grated  opening  for  giving  the  surface  water  access 
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to  a  chamber  or  basin  beneath  the  sidewalk,  from  which  a  pipe 
leads  to  the  sewer.  Catch-basins  may  be  provided  with  water 
traps  to  prevent  the  sewer  air  from  reaching  the  street,  but  traps 
are  uncertain  in  their  action,  as  they  are  likely  to  become  unsealed 
through  evaporation  in  dry  weather.  To  prevent  the  carrying  of 
*sand  and  dirt  into  the  sewers,  catch-basins  should  be  provided 
with  silt  chambers  of  considerable  depth,  with  overflow  pipes 
leading  to  the  sewer.  The  heavy  matter  which  falls  to  the 
bottoms  of  these  chambers  may  be  removed  by  buckets  and  carted 
away  at  proper  intervals. 

Storm  Overflows.  The  main  point  to  be  considered  in  the 
construction  of  storm  overflows  is  to  ensure  a  discharge  into 
another  conduit  when  the  water  reaches  a  certain  elevation  in  the 
main  sewer.  This  may  be  carried  out  in  different  ways,  depending 
upon  the  available  points  for  overflow. 

Pumping  Stations.  The  greater  part  of  the  sewerage 
systems  in  the  United  States  operate  wholly  by  gravity,  but  in 
some  cases  it  is  necessary  to  pump  a  part  or  the  whole  of  the 
sewage  of  a  city  to  a  higher  level.  The  lifts  required  are  usually 
low,  so  that  high-priced  machinery  is  not  required.  In  general 
the  sewage  should  be  screened  before  it  reaches  the  pumps. 

Where  pumping  is  necessary,  receiving  or  storage  chambers 
are  sometimes  used  to  equalize  the  work  required  of  the  pumps, 
thus  making  it  possible  to  shut  down  the  plant  at  night.  Such 
reservoirs  should  be  covered,  unless  in  very  isolated  localities. 
The  force  main  or  discharge  pipe  from  the  pumps  is  usually  short, 
and  is  generally  of  cast  iron  put  together  in  a  manner  similar  to 
that  used  for  water-supply  systems. 

Tidal  Chambers.  Where  sewage  is  discharged  into  tide 
water  it  is  often  necessary  to  provide  storage  or  tidal  chambers,  so 
that  the  sewage  may  be  discharged  only  at  ebb  tides.  These  are 
constructed  similar  to  other  reservoirs,  except  that  they  must 
have  ample  discharge  gates,  so  that  they  may  be  emptied  in  a 
short  time.  They  are  sometimes  made  to  work  automatically  by 
the  action  of  the  tide. 

SEWAGE  PURIFICATION. 

Before  taking  up  this  subject  in  detail  it  is  well  to  consider 
what  sewage  is,  from  a  chemical  standpoint. 
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When  fresh,  it  appears  at  the  niouth  of  an  outlet  sewer 
as  a  milky-looking  liquid  with  some  large  particles  of  matter 
in  suspension,  such  as  orange  peels,  rags,  paper  and  various 
other  articles  not  easily  broken  up.  It  often  has  a  faint, 
musty  odor  and  in  general  appearance  is  similar  to  the  suds-water 
from  a  family  laundry.  Nearly  all  of  the  sewage  is  simply  water, 
the  total  amount  of  solid  matter  not  being  more  than  2  parts  in 
1,000,  of  which  half  may  be  organic  matter.  It  is  this  1  part  in 
1,000  which  should  be  removed,  or  so  changed  in  character  as  to 
render  it  harmless. 

The  two  systems  of  purification  in  most  common  use  are 
"  chemical  precipitation  "  and  the  "  land  treatment."  Mechanical 
straining,  sedimentation  and  chemical  precipitation  are  largely 
removal  processes,  while  land  treatment  by  the  slow  process  of 
infiltration,  or  irrigation,  changes  the  decaying  organic  matter  into 
stable  mineral  compounds. 

Sedimentation.  This  is  effected  by  allowing  the  suspended 
matter  to  settle  in  tanks.  The  partially  clarified  liquid  is  then 
drawn  off  leaving  the  solid  matter,  called  "  sludge"  at  the  bottom 
for  later  disposal.  This  system  requires  a  good  deal  of  time  and 
large  settling  tanks ;  therefore  it  is  suitable  only  for  small  quanti- 
ties of  sewage. 

Mechanical  Straining.  This  is  accomplished  in  different 
ways  with  varying  degrees  of  success.  Wire  screens  or  filters  of 
various  materials  may  be  employed.  Straining  of  itself  is  of  little 
value  except  as  a  step  to  further  purification.  Beds  of  coke  from 
6  to  8  inches  in  depth  are  often  used  with  good  results. 

Chemical  Precipitation.  Sedimentation  alone  removes  only 
such  suspended  matter  as  will  sink  by  its  own  weight  during  the 
comparatively  short  time  which  can  be  allowed  for  the  process. 

By  adding  certain  substances  chemical  action  is  set  up,  which 
greatly  increases  the  rapidity  with  which  precipitation  takes  place. 

Some  of  the  organic  substances  are  brought  together  by  the 
formation  of  new  compounds,  and  as  they  fall  in  ^flaky  masses 
they  carry  with  them  other  suspended  matter. 

A  great  number  and  variety  of  chemicals  have  been  employed 
for  this  purpose,  but  those  which  experience  has  shown  to  be  most 
useful  are  lime,  sulphate  of  alumina  and  some  of  the  salts  of  iron. 
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The  best  chemical  to  use  in  any  given  case  depends  upon  the 
character  of  the  sewage  and  the  relative  cost  in  that  locality. 
Lime  is  cheap,  but  the  large  quantity  required  greatly  in- 
creases the  amount  of  sludge.  Sulphate  of  alumina  is  more 
expensive,  but  is  often  used  to  advantage  in  connection  with 
lime.  Where  an  acid  sewage  is  to  be  treated,  lime  alone  should  be 
used. 

The  chemicals  should  be  added  to  the  sewage  and  thoroughly 
mixed  before  it  reaches  the  settling  tank  ;  this  may  be  effected  by 
the  use  of  projections  or  baffling  plates  placed  in  the  conduit 
leading  to  the  tank.  The  best  results  are  obtained  by  means  of 
long,  narrow  tanks,  and  they  should  be  operated  on  the  continue/us 
rather  than  the  intermittent  plan.  The  width  of  the  tank  should 
be  about  one-fourth  its  length.  In  the  continuous  method  the 
sewage  is  constantly  flowing  into  one  part  of  the  tank  and  dis- 
charging from  another.  In  the  intermittent  system  a  tank  is  filled 
and  then  the  flow  is  turned  into  another,  allowing  the  sewage  in 
the  first  tank  to  come  to  rest.  In  the  continuous  plan  the  sewage 
generally  flows  through  a  set  of  tanks  without  interruption  until 
one  of  the  compartments  needs  cleaning.  The  clear  portion  is 
drawn  off  from  the  top,  the  sludge  is  then  removed,  and  the  tank 
thoroughly  disinfected  before  being  put  in  use  again.  The  satis- 
factory disposal  of  the  sludge  is  a  somewhat  difficult  matter.  The 
most  common  method  is  to  press  it  into  cakes,  which  greatly 
reduces  its  bulk  and  makes  it  more  easily  handled.  These  are 
sometimes  burned  but  are  more  often  used  for  fertilizing  purposes. 
In  some  cases  peat  or  other  absorbent  is  mixed  with  the  sludge 
and  the  whole  mass  removed  in  bulk.  In  other  instances  it  is  run 
out  on  the  surface  of  coarse  gravel  beds  and  reduced  by  draining 
and  drying.  In  wet  weather  little  drying  takes  place  and  during 
the  cold  months  the  sludge  accumulates  in  considerable  quantities. 
This  process  also  requires  considerable  manual  labor,  and  in  many 
cases  suitable  land  is  not  available  for  the  purpose.  The  required 
capacity  of  the  settling  tanks  is  the  principal  item  in  determining 
the  cost  of  installing  precipitation  works. 

In  the  treatment  of  house  sewage  provision  must  be  made  for 
about  -^2  the  total  daily  flow,  and  in  addition  to  this,  allowance 
must  be  made  for  throwing  out  a  portion  of  the  tanks  for  cleaning 
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and  repairs.  In  general,  the  tank  capacity  should  not  be  much 
less  than  -|  the  total  daily  flow. 

In  the  combined  system  it  is  impossible  to  provide  tanks  for 
the  total  amount,  and  the  excess  due  to  storm  water  must  dis- 
charge into  natural  water  courses  or  pass  by  the  works  without 
treatment. 

Broad  Irrigation  or  Sewage  Farming.  Where  sewage  is 
applied  to  the  surface  of  the  ground  upon  which  crops  are  raised 
the  process  is  called  "sewage  farming."  This  varies  but  little 
from  ordinary  irrigation  where  clean  water  is  used  instead  of 
sewage.  The  land  employed  for  this  purpose  should  have  a 
rather  light  and  porous  soil,  and  the  crops  should  be  such  as 
require  a  large  amount  of  moisture.  The  application  of  from 
5,000  to  10,000  gallons  of  sewage  per  day  per  acre  is  considered 
a  liberal  allowance.  On  the  basis  of  100  gallons  of  sewage  per 
head  of  population  this  would  mean  that  one  acre  would  care  for 
a  population  of  from  50  to  100  people. 

Sub-Surface  Irrigation.  This  system  is  employed  only 
upon  a  small  scale  and  chiefly  for  private  dwellings,  public  insti- 
tutions and  for  small  communities  where  for  any  reason  surface 
disposal  would  be  objectionable.  The  sewage  is  distributed 
through  agricultural  drain  tiles  laid  with  open  joints  and  placed 
only  a  few  inches  below  the  surface.  Provision  should  be  made 
for  changing  the  disposal  area  as  often  as  the  soil  may  require  by 
turning  the  sewage  into  sub-divisions  of  the  distributing  pipes. 

Intermittent  Filtration.  This  method  and  the  broad  irriga- 
tion already  described  are  the  only  purification  processes  in  use  on 
a  large  scale  which  can  remove  practically  all.  the  organic  matter 
from  sewage  without  being  supplemented  by  some  other  method. 
The  process  is  a  simple  one  and  consists  in  running  the  sewage 
out  through  distributing  pipes  onto  beds  of  sand  4  or  5  feet  in 
thickness  with  a  system  of  pipes  or  drains  below  for  collecting  the 
purified  liquid.  In  operation  the  sewage  is  first  turned  on  one 
bed  and  then  another,  thus  allowing  an  opportunity  for  the  liquid 
portion  to  filter  through.  As  the  surface  becomes  clogged  it  is 
raked  over  or  the  sludge  may  be  scraped  off  together  with  a  thin 
layer  of  sand.  The  best  filtering  material  consists  of  a  clean, 
sharp  sand  with  grains  of  uniform  size  such  that  the  free  space 
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between  them  will  equal  about  one-third  the  total  volume.  When 
the  sewage  is  admitted  to  the  sand  only  a  part  of  the  air  is  driven 
out,  so  there  is  a  store  of  oxygen  left  upon  which  the  bacteria 
may  draw.  This  is  not  a  mere  process  of  straining  but  the  forma- 
tion of  new  compounds  by  the  action  of  the  oxygen  in  the  air, 
thus  changing  the  organic  matter  into  inorganic.  Much  depends 
upon  the  size  and  quality  of  the  sand  used.  The  grains  that  have 
been  found  to  give  the  best  results  range  from  .1  to  .5  of  an  inch 
in  diameter.  The  work  done  by  a  filter  is  largely  determined  by 
the  finer  particles  of  sand  and  that  used  should  be  of  fairly  uni- 
form quality;  and  the  coarser  and  finer  particles  should  be  well 
mixed.  The  area  and  volume  of  sand  or  gravel  required  are  so 
large  that  the  transportation  of  material  any  great  distance  cannot 
be  considered.  Usually  the  beds  are  constructed  on  natural 
deposits,  the  top  soil  or  loam  being  removed.  The  sewage  should 
be  brought  into  the  beds  so  as  to  disturb  their  surface  as  little  as 
possible,  and  should  be  distributed  evenly  over  the  whole  bed. 

The  under  drains  should  not  be  placed  more  than  50  feet 
apart,  usually  much  less,  and  should  be  provided  with  manholes 
at  the  junctions  of  the  pipes.  Before  admitting  the  sewage  to  the 
beds  it  is  usually  best  to  screen  it  sufficiently  to  take  out  paper, 
rags  and  other  floating  matter.  The  size  of  each  bed  should  be 
such  as  to  permit  an  even  distribution  of  sewage  over  its  surface. 

Where  the  filtration  area  is  small,  it  must  be  divided  so  as  to 
permit  of  intermittent  operation ;  that  is,  if  a  bed  is  to  be  in  use 
and  at  rest  for  equal  periods,  then  two  or  more  beds  would  be 
necessary,  the  number  depending  on  the  relative  periods  of  use 
and  rest.  Some  additional  area  should  also  be  provided  for  emer- 
gency, or  for  use  while  the  beds  are  being  scraped.  If  a  large 
area  is  laid  out,  so  that  the  size  of  the  beds  is  limited  only  by 
convenience  in  use,  then  an  acre  may  be  taken  as  a  good  size. 

The  degree  of  purification  depends  upon  various  circum- 
stances, but  with  the  best  material  practically  all  of  the  organic 
matter  can  be  removed  from  sewage  by  intermittent  filtration  at  a 
rate  of  about  100,000  gallons  per  day. 

There  is  often  much  opposition  to  sewage  purification  by 
those  living  or  owning  property  near  the  plants  ;  but  experience 
has  shown  that  well-conducted  plants  are  inoffensive  both  within 
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and  without  their  enclosures.  The  employees  about  such  works 
are  as  healthy  as  similar  classes  of  men  in  other  occupations.  The 
crops  raised  on  sewage  farms  are  as  healthful  as  those  of  the  same 
kind  raised  elsewhere,  and  meat  and  milk  from  sewage  farms  are 
usually  as  good  as  when  pioduced  under  other  conditions.  Good 
design  and  construction,  followed  by  proper  methods  of  operation, 
are  all  that  are  needed  to  make  sewage  purification  a  success.  No 
one  system  can  be  said  to  be  the  best  for  all  localities.  The 
special  problems  of  each  case  must  be  met  and  solved  by  a  selec- 
tion from  among  the  several  systems  and  the  combinations  of 
systems,  and  parts  chosen  that  are  best  adapted  to  the  conditions 
at  hand. 
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PART  II. 

DOHESTIC  WATER  SUPPLY. 

Hydraulics  of  Plumbing.  Although  the  principles  of  Hy- 
draulics and  Hydrostatics  are  discussed  in  "  Mechanics,"  it  will 
be  well  to  review  them  briefly,  showing  their  application  to  the 
various  problems  under  the  head  of  "  Water  Supply." 

If  several  open  vessels  containing  water  are  connected  by 
pipes,  the  water  will  eventually  stand  at  the  same  level  in  all  of 
them,  regardless  of  the  length  or  the  size  of  the  connecting  pipes. 

The  pressure  exerted  by  a  liquid  at  any  given  point  is  the 
same  in  all  directions,  and  is  proportional  to  the  depth. 

A  column  of  water  at  60°  temperature  having  a  sectional  area 
of  one  square  inch  and  a  height  of  one  foot,  weighs  .43  pound,  and 
the  pressure  exerted  by  a  liquid  is  usually  stated  in  pounds  per  square 
inch,  the  same  as  in  the  case  of  steam.  If  a  closed  vessel  is  con- 
nected, by  means  of  a  pipe,  with  an  open  vessel  at  a  higher  level, 
so  that  it  is  10  feet,  for  example,  from  the  bottom  of  the  first 
vessel  to  the  surface  of  the  water  in  the  second,  the  pressure  on 
each  square  inch  of  the  entire  bottom  of  the  lower  vessel  will  be 
10  X  .43  =  4.3  pounds,  and  the  pressure  per  square  inch  at  any 
given  point  in  the  vessel  or  connecting  pipe  will  be  equal  to  its 
distance  in  feet  from  the  surface  of  the  water  in  the  upper  vessel 
multiplied  by  .43.  If  a  pipe  is  carried  from  a  reservoir  situated 
on  the  top  of  a  hill  to  a  point  at  the  foot  of  the  hill  a  hundred  feet 
below  the  surface  of  the  water,  a  pressure  of  100  X  .43  =  43 
pounds  per  square  inch  will  be  exerted  at  the  lower  end  of  the 
pipe,  provided  it  is  closed.  When  the  pipe  is  opened  and  the 
water  begins  to  flow,  the  conditions  are  changed  and  the  pressure 
in  the  different  parts  of  the  pipe  varies  with  the  distance  from  the 
open  end. 

In  order  for  a  liquid  to  flow  through  a  pipe  there  must  be  a 
certain  pressure  or  "  head  "  at  the  inlet  end.  The  total  head  caus- 
ing the  flow  is  divided  into  three  parts,  as  follows:  1st,  the 
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velocity  head :  the  height  through  which  a  body  must  fall  in  a 
vacuum  to  acquire  the  velocity  with  which  the  water  enters  the 
pipe.  2d,  the  entry  head:  that  required  to  overcome  the  resist- 
ance  to  entrance  into  the  pipe.  3d,  the  friction  head:  due  to  the 
frictional  resistance  to  flow  within  the  pipe.  In  the  case  of  long 
pipes  and  low  heads  the  sum -of  the  velocity  and  entry  heads  is  so 
small  that  it  may  be  neglected. 

Table  I  shows  the  pressure  of  water  in  pounds  p'er  square 
inch  for  elevations  varying  in  height  from  1  to  135  feet. 

Table  II  gives  the  drop  in  pressure  due  to  friction  in  pipes  of 
different  diameters  for  varying  rates  of  flow.  The  figures  given 
are  for  pipes  100  feet  in  height.  The  frictional  resistance  in 
smooth  pipes  having  a  constant  flow  of  water  through  them  is  pro- 
portional to  the  length  of  pipe.  That  is,  if  the  friction  causes  a 
drop  in  pressure  of  4.07  pounds  per  square  inch  in  a  l|-inch  pipe 
100  feet  long,  which  is  discharging  20  gallons  per  minute,  it  will 
cause  a  drop  of  4.07  X  2  =  8. 14  pounds  in  a  pipe  200  feet  long;  or 
4.07  ~-  2  =  2.03  pounds  in  a  pipe  50  feet  long,  acting  under  the 
same  conditions.  The  factors  given  in  the  table  are  for  pipes  of 
smooth  interior,  like  lead,  brass  or  wrought  iron. 

Example. —  A  IJ-inch  pipe  100  feet  long  connected  with  a 
cistern  is  to  discharge  35  gallons  per  minute.  At  what  elevation 
above  the  end  of  the  pipe  must  the  surface  of  the  water  in  the 
cistern  be  to  produce  this  flow  ? 

In  Table  II  we  find  the  friction  loss  for  a  1^-inch  pipe  dis- 
charging 35  gallons  per  minute  to  be  5.05  pounds.  In  Table  I  we 
find  a  pressure  of  5.2  pounds  corresponds  to  a  head  of  12  feet, 
which  is  approximately  the  elevation  required. 

How  many  gallons  will  be  discharged  through  a  2-inch  pipe 
100  feet  long  where  the  inlet  is  22  feet  above  the  outlet?  In 
Table  I  we  find  a  head  of  22  feet  corresponds  to  a  pressure  of  9.53 
pounds.  Then  looking  in  Table  II  we  find  in  the  column  of  Fric- 
tion Loss  for  a  2-inch  pipe  that  a  pressure  of  9.46  corresponds  to 
a  discharge  of  100  gallons  per  minute. 

Tables  I  and  II  are  commonly  used  together  in  examples. 

A  house  requiring  a  maximum  of  10  gallons  of  water  pel 
minute  is  to  be  supplied  from  a  spmg  which  is  located  600  feet 
distant,  and  at  an  elevation  of  50  feet  above  the  point  of  dis< 
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TABLE 


Head 
in 
feet. 

Pressure 
pounds  per 
square  inch. 

Head 
in 
feet. 

Pressure 
pounds  per 
square  inch. 

Head 
in 
feet. 

Pressure 
pounds  per 
square  inch. 

1 

.43 

46 

19.92 

91 

39.42 

2 

.86 

47 

20.35 

92 

39.85 

3 

1.30 

48 

20.79 

93 

40.28 

4 

1.73 

49 

21.22 

94 

40.72 

5 

2.16 

50 

21.65 

95 

41.15 

6 

2.59 

51 

22.09 

96 

41.58 

7 

3.03 

52 

22.52 

97 

42.01 

8 

3.46 

53 

22.95 

98 

42.45 

9 

3.89 

54 

23.39 

99 

42.88  . 

10 

4.33 

55 

23.82 

100 

43.31 

11 

4.76 

56 

24.26 

101 

43.75 

12 

5.20 

57 

24.69 

102 

44.18 

13 

5.63 

58 

25.12 

103 

44.61 

14 

6.06 

59 

25.55 

104 

45.05 

15 

6.49 

60 

25.99 

105 

45.48 

16 

6.92 

61 

26.42 

106 

45.91 

17 

7.36 

62 

26.85 

107 

46.34 

18 

7.79 

63 

27.29 

108 

46.78 

19 

8.22 

64 

27.72 

109 

47.21 

20 

8.66 

65 

28.15 

110 

47.64 

21 

9.09 

66 

28.58 

111 

48.08 

22 

9.53 

67 

29.02 

112 

48.51 

23 

9.96 

68 

29.45 

113 

48.94 

24 

10.39 

69 

29.88 

114 

49.38 

25 

10.82 

70 

30.32 

115 

49.81 

26 

11.26 

71 

30.75 

116 

50.24 

27 

11.69 

72 

31.18 

117 

50.68 

28 

12.12 

73 

31.62 

118 

51.11 

29 

12.55 

74 

32.05 

119 

51.54 

30 

12.99 

75 

32.48 

120 

51.98 

31 

13.42 

76 

32.92 

121 

52.41 

32 

13.86 

77 

33.35 

122 

52.84 

33 

14.29 

78 

33.78 

123 

53.28 

34 

14.72 

79 

34.21 

124 

53.71 

35 

15.16 

80 

34.65 

125 

54.15 

36 

15.59 

81 

35.08 

126 

54.58 

37 

16.02 

82 

35.52 

127 

55.01 

38 

16.45 

83 

35.95 

128 

55.44 

39 

16.89 

84 

36.39 

129 

55.88 

40 

17.32 

85 

36.82 

130 

56.31 

41 

17.75 

86 

37.25 

131 

56.74 

42 

18.19 

87 

37.68 

132 

57.18 

43 

18.62 

88 

38.12 

133 

57.61 

44 

19.05 

89 

38.55 

134 

58.04 

45 

19.49 

90 

38.98 

135 

58.48 
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charge.  What  size  of  pipe  will  be  required  ?  From  Table  I  we 
find  an  elevation  or  head  of  50  feet  will  produce  a  pressure  of  21.65 
pounds  per  square  inch.  Then  if  the  length  of  the  pipe  were 
only  100  feet,  we  should  have  a  pressure  of  21.65  pounds  avail- 
able to  overcome  the  friction  in  the  pipe,  and  could  follow  along  the 
line  corresponding  to  10  gallons  in  Table  II  until  we  came  to  the 

TABLE  II. 


\ 

in. 

1 

in. 

1 

in. 

M 

in. 

If 

in. 

2 

in. 

2* 

in. 

3 

in. 

I 

1 

Pi 

I 

1 

1 

1 

•s 

p. 

1 

IH 

P< 

tt 

ti 

1 

£ 

•9 

« 

1 

a 

1 

a 

1 

a 

1 

a 

1 

a 

— 
o    - 

Tj 

fl 

i 

fl 

I 

a 

I 

S 

I 

fl 

i 

fi 

I 

S 

% 
o 

a 

! 

Gallons  di 
minute. 

Velocity  i 
second. 

1  Friction  ! 
pounds. 

1  Velocity  i 
second. 

1  Friction  1 
pounds. 

1  Velocity  i 
second. 

[  Friction  1 
|  pounds. 

!  Velocity  : 
second. 

\  Friction  1. 
pounds. 

1  Velocity  i 
second. 

1  Friction  1« 
pounds. 

Velocity  i 
second. 

Friction  Ic 
pounds. 

Velocity  i 
second. 

Friction  1 
pounds.  " 

>> 
11 
>S 

Friction  1 
pounds. 

5 

8.17 

24.6 

3.83 

3.3 

2.04 

.84 

1.31 

.31 

.91 

.12 

10 

16.3 

96.0 

7.25 

13.0 

4.08 

3.16 

2.61 

1.05 

1.82 

.47 

1.02 

.12 

15 

10.9 

28.7 

6.13 

6.98 

3.92 

2.38 

2.73 

.97 

1.53 

.27 

•20 

14.5 

50.4 

8.17 

12.3 

5.22 

4.07 

3.63 

1.66 

204 

.42 

25 

18.1 

78.0 

10.2 

19.0 

6.53 

6.40 

4.54 

2.62 

2.55 

.67 

1.63 

.21 

1.13 

.10 

30 

12.3 

27.5 

7.84 

9.15 

5.45 

3.75 

3.06 

£1 

35 

14.3 

37.0 

9.14 

1204 

6.36 

5.05 

3.57 

1.25 

40 

16.3 

48.0 

10.4 

16.10 

7.26 

6.52 

4.09 

1.60 

45 

11.7 

20.2 

8.17 

8.15 

4.60 

2.02 

50 

13.1 

24.9 

9.08 

10.0 

5.11 

2.44 

326 

.81 

2.27 

.35 

75 

19.6 

56.1 

13.6 

22.4 

7.66 

5.32 

4.90 

1.80 

3.40 

.74 

100 

18.2 

39.0 

10.2 

9.46 

6.53 

3.20 

4.54 

1.31 
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friction  loss  corresponding  most  nearly  to  21.65,  and  take  the  size  of 
pipe  corresponding.  But  as  the  length  of  the  pipe  is  600  feet,  the 
friction  loss  will  be  six  times  that  given  in  Table  II  for  given  sizes 
of  pipe  and  rates  of  flow;  hence  we  must  divide  21.65  by  6  to  ob- 
tain the  available  head  to  overcome  friction,  and  look  for  this 
quantity  in  the  table,  21.65  4-  6  =  3.61,  and  Table  II  shows  us 
that  a  1-inch  pipe  will  discharge  10  gallons  per  minute  with  a 
friction  loss  of  3.16  pounds,  and  this  is  the  size  we  should  use. 

EXAnPLES  FOR  PRACTICE. 

1.     What  size  pipe  will  be  required  to  discharge  40  gallons 
per  minute,  a  distance  of  50  feet,  with  a  pressure  head  of  19  feet? 

Ans.  1    inch. 
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2.  What  head  will  be  required  to  discharge  100  gallons  per 
minute  through  a  21-inch  pipe  700  feet  long? 

Ans.  52  feet. 

PIPING. 

Wrought  iron,  lead  and  brass  are  the  principal  materials 
used  for  water  pipes.  Wrought-iron  pipe  is  the  cheapest  and 
easiest  to  lay,  but  is  objectionable  on  account  of  rust  and  the 
consequent  discoloration  of  water  passing  through  it.  When  it 
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is  employed  for  this  purpose  it  is  customary  to  use  galvanized 
pipe,  that  is,  pipe  which  has  been  covered  with  a  thin  coating  of 
zinc  or  zinc  and  tin.  This  prevents  rust  from  forming  where  the 
zinc  is  unbroken,  but  at  the  joints  where  threads  are  cut,  and  at 
other  places  where  the  zinc  becomes  loosened,  as  by  bending,  the 
pipe  is  likely  to  be  eaten  away  more  or  less  rapidly,  depending 
upon  the  quality  of  the  water.  Zinc,  when  taken  into  the 
system,  is  poisonous,  and  for  this  reason  galvanized  pipes  should 
not  ordinarily  be  used  for  drinking  water. 
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Table  III  gives  the  various  dimensions  of  wrougl it-iron  pipe. 
In  using  pipe  of  this  kind,  it  is  well  to  allow  something  in  size 
for  possible  choking  by  rust  or  sediment.  While  galvanized 
pipe  does  not  rust,  for  a  time  at  least,  there  is  likely  to  be 
a  roughness  which  causes  an  accumulation  of  more  or  less 
sediment. 

TABLE  IV. 

Lead  Pipe. 
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Iron  pipe  having  a  lining  of  tin  Jg  inch  or  more  in  thickness 
is  now  manufactured,  but  being  a  comparatively  new  product,  its 
wearing  qualities  have  not  yet  been  thoroughly  tested. 

Lead  Pipe  is  the  best  and  most  widely  used  for  domestic 
water  supply.  Although  poisonous  under  certain  conditions,  as 
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when  new  and  bright  and  when  used  with  very  pure  water,  it 
usually  becomes  coated  with  a  scale  which  makes  it  practically 
harmless.  It  is  more  costly  than  iron  pipe,  and  requires  more 
skill  in  laying  and  making  up  the  joints.  It  is  less  likely  to  burst 
from  the  action  of  frost,  as  it  is  a  soft  metal  and  stretches 
with  the  expansion  of  the  ice  in  the  pipe.  When  it  does 
break  under  pressure  it  generally  occurs  in  small  holes  not 
over  an  inch  long,  which  are  easily  repaired  without  removing 
any  part  of  the  pipe,  while  in  the  case  of  iron  pipe  the  cracks 
generally  extend  the  entire  length  of  the  section  in  which  the 

TABLE  V. 

Tin-lined  Lead  Pipe. 
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water  is  frozerf,  and  new  pipe  will  be  required.  Lead  pipe 
is  commonly  made  in  six  different  thicknesses  or  weights,  desig- 
nated as  AAA,  AA,  A,  B,  C  and  D,  in  which  AAA  is  the 
heaviest  and  D  the  lightest.  Table  IV  gives  the  principal  prop- 
erties of  the  heaviest  and  lightest  weight  for  lead  pipe  of  different 
diameters. 

Tin-lined  lead  pipe  is  used  to  some  extent  for  conveying 
water  for  domestic  purposes.  The  principal  objection  to  this  pipe 
lies  in  the  difficulty  experienced  in  making  the  joints.  Tin  melts 
at  a  considerably  lower  temperature  than  lead,  so  that  in  making 
wipe  joints  it  is  likely  to  melt  before  the  lead  and  block  up  the 
passage  through  the  pipe.  Another  objection  is  due  to  the  fact 
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that  the  tin  lining  and  the  outer  lead  covering  are  simply  pressed 
together,  and  it  often  happens  that  in  bending  the  pipe  the  lining 
pulls  away  from  the  lead,  thus  both  obstructing  and  weakening 
the  pipe.  When  used  for  hot  water,  the  uneven  expansion  of  the 
two  metals  may  separate  the  two  layers,  and  so  cause  the  same 
difficulties  already  mentioned. 

Table  V  gives  some  of  the  properties  of  tin-lined  lead  pipe. 


Fig.  1. 
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The  strength  of  tin-lined  pipe  is  about  the  same  as  that  of  lead 
pipe,  the  greater  strength  of  the  tin  being  offset  by  the  lighter 
weight  of  the  pipe  made  in  this  way. 

Brass  Pipe.  Brass  is  one  of  the  best  materials  for  hot- 
water  pipes,  and  should  be  used  where  the  cost  is  not  the  control- 
ling feature.  It  is  commonly  employed  for  connecting  pumps  and 
boilers  and  for  the  steam-heating  coils  inside  laundry-water 
heaters.  It  is  often  used  for  the  connections  between  the  kitchen 
hot-water  tank  and  range,  and  when  nickel  plated  is  extensively 
employed  in  connection  with  bathroom  fixtures.  The  sizes  and 
thicknesses  are  approximately  the  same  as  wrought-iron  pipe. 
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punps. 

The  principle  upon  which  the  pump  operates  has  already 
been  taken  up  in  the  Instruction  Paper,  "  Mechanics."  The 
more  common  forms  are  known  as  the  "lift  pump,"  the  "suction 
pump"  and  a  combination  of  the  two  called  the  "deep  well 
pump." 

Fig.  1  shows  a  pump  of  the  first  kind.  In  this  pump  A  is 
the  cylinder,  B  the  plunger,  C  the  bottom  valve  and  D  the 
plunger  valve.  When  the  plunger  is  drawn  up,  a  vacuum  is 
formed  in  the  cylinder,  and  water  flows  in  through  C  to  fill  it. 
When  the  plunger  is  forced  down,  valve  D  opens  and  allows  the 
water  to  flow  through  the  plunger  while  C  remains  closed.  As 
this  operation  is  repeated,  the  water  is  raised  by  the  plunger  at 
each  stroke  until  the  entire  length  of  the  pump  barrel  is  filled, 
and  it  will  then  flow  from  the  spout  in  an  intermittent  stream. 

In  the  suction  pump  shown  in  Fig.  2,  the  cylinder  and  valves 
are  the  same,  but  they  are  placed  at  the  top  of  the  well  and  are 
connected  with  the  water  below  by  means  of  a  pipe,  as  shown. 
When  the  pump  is  operated,  a  vacuum  is  formed  in  the  cylinder 
and  pipe  below  the  plunger,  and  the  pressure  of  the  atmosphere 
upon  the  surface  of  the  water  forces  it  up  the  pipe  and  fills  the 
chamber,  after  which  the  action  becomes  the  same  as  in  the  case 
of  a  lift  pump.  The  pressure  of  the  atmosphere  is  approximately 
15  pounds  per  square  inch,  which  corresponds  to  the  weight  of  a 
column  of  water  34  feet  high,  which  is  the  height  that  the  water 
may  be  raised  theoretically  by  suction. 

When  the  surface  of  the  water  is  a  greater  distance  than  this 
below  the  point  of  discharge,  a  pump  similar  to  that  shown  in  Fig. 
3  must  be  used.  A  is  a  cylinder  with  plunger  and  valves  similar 
to  those  of  a  suction  pump.  The  cylinder  is  supported  in  the  well 
at  some  point  less  than  34  feet  above  the  surface  of  the  water ;  E 
is  an  air  chamber  connecting  with  the  upper  part  of  the  pump 
cylinder,  and  F  a  discharge  pipe  leading  from  the  bottom  of  the 
air  chamber  E.  The  action  is  as  follows :  water  is  pumped  into 
the  bottom  of  the  air  chamber,  and  as  it  rises  and  seals  the  end 
of  the  discharge  pipe,  the  air  in  the  upper  part  of  the  chamber 
is  compressed,  and  as  soon  as  sufficient  pressure  is  obtained  the 
water  is  forced  out  through  the  discharge  pipe  F.  The  pressure 
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required  in  the  air  chamber  depends  upon  the  height  to  which  the 
water  is  raised. 

The   Hydraulic   Ram.     This  is  a    device   for   automatically 
raising  water  from  a  lower  to  a  higher  level,  the  only  requirements 

within  certain  limits  being  that 
the  ram  shall  be  placed  at  a  given 
distance  from  the  spring  or  source 
of  supply  and  at  a  lower  level, 
depending  upon  the  height  to 
which  the  water  is  to  be  raised 
and  the  length  of  the  pipe  through 
which  it  is  to  be  forced.  The 
distance  from  the  source  or 
spring  to  the  ram  should  be  at 
least  from  25  to  50  feet,  in  order 
to  secure  the  required  velocity 
for  proper  operation.  A  differ- 
ence in  level  of  2  feet,  or  even 
less,  is  sufficient  to  operate  the 
ram ;  but  the  greater  the  differ- 
ence, the  more  powerful  is  its 
operation.  For  ordinary  pur- 
poses, where  the  water  is  to  be 
conveyed  from  50  to  60  rods, 
about  J0  to  J?  of  the  total  amount 
used  can  be  raised  and  dis- 
charged at  an  elevation  ten 
times  as  great  as  the  fall  from 
the  spring  to  the  ram. 

In  Fig.  4,  A  represents 
the  source  or  spring,  B  the  supply  pipe,  C  a  valve  opening  up- 
ward, D  an  air  chamber,  E  a  valve  closing  when  raised,  and  F 
the  discharge  pipe.  When  the  water  in  the  pipe  is  at  rest, 
the  valve  E  drops  by  its  own  weight  and  allows  the  water 
to  flow  through  it.  As  soon  as  a  sufficient  velocity  is  reached 
by  the  water,  its  momentum  or  force  raises  the  valve  against  its 
seat  and  closes  it.  The  water  being  thus  suddenly  arrested  in  its 
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passage  flows  into  the  chamber  D,  where  its  sudden  influx  com- 
presses the  air  in  the  top  of  the  chamber,  and  this  in  turn  forces 
the  water  upward  through  the  discharge  pipe  F.  As  soon  as  the 
water  in  the  pipe  B  becomes  quiet,  the  valve  E  again  opens  and 
the  operation  is  repeated.  Bends  in  either  the  drive  or  discharge 
pipe  should  be  avoided  if  possible.  If  elbows  are  necessary,  the 
extra  long  turn  pattern  should  be  used  in  order  to  give  as  little 
resistance  as  possible.  These  machines  are  made  of  iron  and 
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Fig.  4. 

brass.  The  valve  and  stem  are  of 
bronze,  on  account  of  its  wear- 
ing qualities. 

Cisterns  and  Tanks.  Water 
cisterns  and  tanks  are  made  of 
various  materials  and  in  different 
shapes  and  sizes,  according  to 
the  special  "uses  for  which  they  are  required.  A  durable  and 
satisfactory  tank  may  be  made  of  heavy  woodwork  or  plank 
bolted  together  with  iron  rods  and  nuts  and  then  lined  with  some 
sheet  metal,  such  as  copper,  lead  or  zinc.  Copper  or  lead  makes 
the  best  lining,  as  the  zinc  has  a  greater  tendency  to  corrode  and 
become  leaky.  If  copper  is  used,  it  should  be  tinned  on  the  out- 
side. Fig.  5  shows  a  wooden  tank  in  plan,  with  the  method  of 
locking  the  joints  in  the  copper  lining.  All  naib  should  be 
so  placed  as  to  be  covered  by  the  copper,  and  the  joints  soldered 
with  the  best  quality  of  solder,  which  should  be  allowed  to  soak 
into  the  seams.  If  the  tank  is  lined  with  lead,  a  good  weigh.! 
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should  be  used  (about  six  pounds  per  square  foot)  and  the  joints 
carefully  wiped  by  an  experienced  workman.  If  used  for  the 
storage  of  drinking  water,  this  form  of  lining  is  open  to  the  same 
objections  as  lead  pipe,  but  if  kept  filled  at  all  times,  and  espe- 
cially if  the  water  contains  mineral  matter  to  any  extent,  there  is 
very  little  danger,  as  a  coating  is  soon  formed  over  the  surface  of 
the  lead,  protecting  it  from  the  action  of  the  water. 


Fig.  6. 

Cast-iron  sectional  tanks  can  be  had  in  almost  any  size  or 
A  tank  of  this  form  is  shown  in  Fig.  6.  It  is  made  up  of 
plates  which  are  planed  and  bolted  together,  the  joints  being  made 
tight  with  cement.  The  sections  are  made  in  convenient  sizes,  so 
that  they  may  be  handled  easily  and  conveyed  without  difficulty 
through  small  openings  to  any  part  of  the  house.  These  tanks 
are  easily  set  up,  and  are  practically  indestructible.  Wrought- 
iron  tanks  are  often  used,  but  are  not  as  easily  handled  as  either 
of  the  kinds  just  described.  Table  VI  will  be  found  useful  in 
computing  the  size  of  cylindrical  tanks. 

COLD-WATER  SUPPLY. 

Systems.  There  are  two  general  methods  of  supplying  a 
building  with  water,  one  known  as  the  "  direct  supply "  system, 
and  the  other  as  the  "indirect"  or  "  tank"  system. 

In  the  direct  system  each  fixture  is  connected  with  the 
supply  pipe  and  is  under  the  same  pressure  as  the  street  main, 
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unless  a  reducing  valve  is  introduced.  This  system  is  not  always 
desirable,  as  the  street  pressure  in  many  places  is  likely  to  vaiy, 
especially  where  the  water  is  pumped  into  the  mains.  A  variable 
pressure  is  injurious  to  the  fixtures,  causing  them  to  leak  much 
sooner  than  if  subjected  to  a  steady  pressure.  Where  the  pres- 
sure in  the  street  main  exceeds  40  pounds  per  square  inch,  a 
reducing  valve  should  be  used  if  the  direct  system  is  to  be 
employed. 

TABLE  VI. 

Capacity  of  Cisterns,  In  Gallons,  for  each  10  inches  in  Depth. 
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206.8 

11 

592.4 

3.0 

44.6 

7.0 

239.9 

12 

705.0 

3.5 

60.0 

7.5 

275.4 

13 

827.4 

4.0 

78.3 

8.0 

313.3 

14 

959.6 

4.5 

99.1 

8.5 

353.7 

15 

1101.6 

5.0 

122.4 

9.0 

396.5 

20 

1958.4 

5.5 

148.1 

9.5 

461.4 

25 

3059.4 

The  following  factors  for  changing  a  given  quantity  of  water 
from  one  denomination  to  another  will  often  be  found  useful  : 

Cubic  feet  X  62%  =  Pounds 
Pounds  -*-  62>/  =  Cubic  feet 
Gallons  X  8.3  =  Pouuds 
Pounds  -*-  8.3  =  Gallons 
Cubic  feet  X  7.48  =  Gallons 
Gallons  +-  7.48  =  Cubic  feet 

For  domestic  purposes  the  indirect  system  is  much  better. 
In  this  case  the  connection  with  the  street  main  is  carried  directly 
to  a  tank  placed  in  the  attic  or  at  some  point  above  the  high- 
est fixture,  and  all  the  water  used  in  the  house  discharged  into 
it.  The  supply  of  water  is  regulated  by  a  ball-cock  in  the 
tank  which  shuts  it  off  when  a  certain  level  is  reached.  All  the 
plumbing  fixtures  are  supplied  from  the  tank,  and  are  therefore 
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under  a  constant  pressure.  This  pressure  depends  upon  the  dis~ 
tance  of  the  fixture  below  the  tank.  The  pipes  and  fixtures  in  a 
house  supplied  with  the  tank  system  will  last  much  longer  and 


SUPPLY  P/PE 


,7V9  RANGE  BO/LER 


Fig.   7. 


give  much  better  results  than  if  connected  directly  with  the  street 
main.  The  tank  is  also  found  useful  for  storage  purposes  in  case 
of  repairs  to  the  street  mains,  which  is  often  a  matter  of  much 
inconvenience. 

Fig.  7  shows  the  general  arrangement  of  the  cold-water  pipes 
of  an  indirect  supply  system.    On  the  right  is  shown  the  service 
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pipe,  which  is  carried  directly  from  the  street  to  the  attic,  and 
then  connected  with  a  ball-cock  located  inside  the  house  tank. 
A  supply  pipe  is  taken  from  the  bottom  of  the  tank  and  carried 
downward  through  the  building  for  supplying  the  various  fixtures. 
A  stopcock  should  be  placed  in  the  supply  pipe  for  closing  off 
the  tank  connections  in  case  of  repairs  to  the  house-piping  or 
fixtures. 

Tank  Overflow  Pipe.  In  order  to  prevent  any  possibility 
of  overflow,  every  house  tank  should  be  supplied  with  an  overflow 
pipe  of  sufficient  size  to  carry  off  easily  the  greatest  quantity  of 
water  that  may  be  discharged  into  it.  The  overflow  from  a  house 
tank  should  never  be  connected  directly  with  a  sewer  or  soil  pipe, 
even  if  provided  with  traps,  for  the  water  may  seldom  flow 


/  SERVICE 

OCK 

LEAD        \  STREET 

MAIN 


Fig.  8. 

X 

through  this  pipe,  thus  allowing  the  trap  to  become  unsealed 
through  evaporation.  It  is  much  better  to  let  the  end  of  the 
overflow  pipe  be  open  to  the  atmosphere  or  drop  over  some  fixture 
which  is  in  constant  use. 

Service  Pipe  Connections.  Fig.  8  shows  the  usual  method 
of  connecting  the  service  pipe  with  the  street  main.  The  service 
cock  is  connected  directly  with  the  main,  and  should  be  carefully 
blocked,  so  that  any  pressure  of  earth  from  above  will  not  break 
the  connection  or  strain  the  cock.  To  do  this  properly,  the  earth 
under  the  pipe  should  be  rammed  down  solid  after  the  connections 
are  made,  and  the  pipe  at  this  point  should  be  supported  on  sound 
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wooden  blocks.  If  galvanized  iron  is  used  for  the  service  pipe,  it 
should  in  all  cases  be  connected  to  the  main  service  cock  with  a 
short  piece  of  lead  pipe  two  or  three  feet  long,  for  the  reason  that 
lead  will  give  or  sag  with  the  pressure  of  the  earth  without  break- 
ing. The  remainder  of  the  pipe  should  be  carefully  embedded  in 
the  earth,  to  prevent  uneven  strains  at  any  particular  point. 
Connections  between  the  lead  and  iron  pipes  should  be  made  by 
means  of  brass  ferrules  and  wiped  joints.  A  stopcock  should 
be  placed  in  the  service  pipe  just  inside  the  cellar  wall,  and  in  a 
position  where  it  will  be  accessible  in  case  of  accident.  A  drip 
should  be  connected  with  the  stopcock  for  draining  the  pipes 
when  water  is  shut  off. 

In  protecting  pipes  against 
freezing  it  is  well  to  pack  them 
in  hair,  felt,  granulated  cork  or 
dry  shavings  where  they  pass 
through  the  floor.  This  is  shown 
in  Fig.  8.  When  the  service 
pipe  comes  in  below  the  cellar 
floor,  it  may  be  arranged  as  shown 
in  Fig.  9.  The  cock  should  be 
placed  about  18  inches  below  the 
cellar  bottom  in  a  wooden  box 
with  hinged  cover,  so  that  it 
may  be  easily  reached. 
In  many  cities  and  in  certain  elevated  situations  the  pres- 
sure in  the  mains  is  not  sufficient  to  carry  the  water  to  the 
house  tanks  in  the  attics  of  the  higher  buildings,  and  it  becomes 
necessary  to  use  some  form  of  automatic  pump  for  this  purpose. 
The  screw  pump  shown  in  Fig.  10  is  especially  adapted  to  uses  of 
this  kind  when  equipped  with  an  electric  motor  and  automatic 
starting  and  stopping  devices.  A  float  in  the  tank  operates  an 
electric  switch  by  means  of  a  chain  and  weights,  as  shown.  A 
centrifugal  or  rotary  pump  is  also  satisfactory  for  this  work. 

Another  device  which  may  be  attached  to  a  steam  pump  is 
shown  in  Fig.  11.  When  the  water  line  in  the  tank  reaches 
a  given  height,  the  ldoat>  closes  a  butterfly  valve  in  the 
discharge  pipe,  thus  increasing  the  pressure  within  it;  this 
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in  pressure  acts  on  the  bottom  of  a  piston  by  means  of  a  connect- 
ing pipe,  and  in  raising  the  piston,  shuts  off  the  steam  supply  to  the 
pump.  When  the  water  line  in  the  tank  is  lowered,  the  float  falls 

and  the  butterfly  valve 
opens,  relieving  the  pres- 
sure in  the  pipe  and  al- 
lowing the  steam  valve  to 
open  by  the  action  of  the 
counterweights  attached 
to  the  lever  arm  of  the 
valve,  as  shown.  The 
automatic  valve  is  shown 
in  section  in  Fig.  12. 
Another  means  of  rais- 
ing water  to  an  eleva- 
tion for  domestic  pur- 
poses, especially  in  the 
country,  is  by  the  use  of 
a  windmill.  A  large 
storage  tank  is  placed  at 
a  suitable  height  so  that 
a  sufficient  supply  may 
be  pumped  on  windy 
days  to  last  over  inter- 
vening periods  of  calm' 
weather. 


HOT-WATER  SUPPLY. 


FROM 

STREET MA//\ 


Fig.  10. 


All  modern  systems 
of  plumbing  include  a 
hot-water  supply  to  the 
various  sinks,  bowls, 
bathtubs  and  laundry- 
tubs  throughout  the 
house. 


Fig.  13  shows  the  usual  arrangement  of  a  kitchen  boiler  and 
water-back   with  the  necessary  pipe  connections.     The  boiler  is 
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Fig.  11. 
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commonly  made  of  copper  and  supported  upon  a  cast-iron  base. 
It  may  be  located  in  the  kitchen  near  the  range,  or  may  be 
concealed  in  a  nearby  closet.  The  "water-back,"  so  called,  is 
a  snecial  casting  placed  so  as  to  form  one  side  of  the  fire  box  in 


the  range.  The  cold-water  supply  pipe  to  the  boiler  usually 
enters  at  the  top  and  is  carried  down  to  a  point  near  the  bottom, 
as  shown  by  the  dotted  lines.  Connection  is  made  between  the 
bottom  of  the  boiler  and  the  lower  chamber  of  the  water-back.  The 
upper  chamber  is  connected  at  a  point  about  one-third  of  the  way 
up  in  the  side  of  the  boiler,  as  shown.  The  circulation  of  water 
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through  the  boiler  and  supply  pipes  is  the  same  as  already  de- 
scribed for  hot-water-heating  systems.  The  range  fire  in  contact 
with  the  water-back  heats  the  water  within  it,  which  causes  it  to 
rise  through  the  pipe  connected  with  the  upper  chamber  and 

HOT  WATER.    TO  BUfLOtNG 


COLD 

SUPPLY 


Fig.  13. 

flow  into  the  boiler  or  tank ;  in  the  meantime  cooler  water  flows 
in  at  the  lower  connection  to  take  its  place,  and  the  circulation 
thus  set  up  is  constant  as  long  as  there  is  a  fire  in  the  range. 

The  "boiler,"  so  called,  is  not  a  heater,  but  only  a  storage 
tank.  As  the  water  becomes  heated  it  rises  to  the  top  of  the  tank 
and  is  carried  to  the  different  fixtures  in  the  building  through  a 
pipe  or  pipes  connected  at  this  point.  The  cold-water  supply  pipe 
is  connected  with  the  house  tank  so  that  the  pressure  in  the  boiler 
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is  that  due  to  the  height  of  the  tank  above  it.  When  any  of  the 
hot-water  faucets  are  open,  the  pressure  of  the  cold  water  in  the . 
supply  pipe  forces  out  the  hot  water  at  the  top  of  the  boilers 
and  rushes  in  to  take  its  place.  There  is  no  connection 
between  the  circulation  through  the  water-back  and  the  pressure 
in  the  cold-water  supply  pipe.  The  circulation  is  due  only  to  the 
difference  in  temperature  be- 
tween the  water  in  the  pipe 
leading  from  the  top  of  the 
water-back  and  the  water  in 
the  lower  part  of  the  boiler, 
and  difference  in  elevation  of 
the  connections  with  the 
boiler.  The  nearer  the  top  of 
the  boiler  the  discharge  from 
the  water-back  is  connected, 
the  more  rapid  will  be  the 
circulation  and  the  greater 
the  quantity  of  water  which  Fig.  14. 

will  be    heated    in    a    given 

time.  The  cold-water  supply  simply  furnishes  a  pressure  to  force 
the  hot  water  through  the  pipes  to  the  different  fixtures,  and  re- 
places any  water  that  is  drawn  from  the  boiler. 

Care  should  always  be  taken  to  have  the  pipes  between  the 
water  back  and  the  boiler  free  from  sediment  or  any  other  ob- 
struction. If  the  water-back  from  any  cause  should  become  shut 
off  from  the  boiler,  an  explosion  would  be  likely  to  occur  if  there 
was  a  hot  fire  in  the  range.  Freezing  of  the  pipes  is  sometimes  a 
cause  of  accident.  The  sediment  which  accumulates  more  or,  less 
rapidly  should  be  regularly  blown  off  through  the  blow-off  cock 
provided  for  this  purpose  at  the  bottom  of  the  boiler.  The  best 
time  for  doing  this  is  in  the  morning,  before  the  fire  is  started. 
The  device  shown  in  Fig.  14  is  intended  to  prevent  the  sediment 
from  collecting  in  the  pipes  or  from  being  drawn  into  the  water- 
back,  making  the  water  roily  when  a  large  amount  is  drawn  off  at 
one  time.  It  consists  of  a  small  cylinder  or  chamber  connected 
to  the  bottom  of  the  boiler  in  such  a  way  that  the  sediment  will 
fall  into  it  and  not  be  disturbed  by  the  circulation  of  the  water 
through  the  pipes. 
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Double  Water-back  Connections.  It  is  often  desirable  to 
connect  a  boiler  with  two  water-backs,  one  in  the  kitchen  range 
and  another  in  a  laundry  stove  in  the  cellar  for  summer  use. 
Fig.  15  shows  the  common  method  of  making  the  connections. 
In  this  case  either  may  be  used  separately,  or  both  together  with- 
out any  adjustment  of  valves.  The  blow-off  cock  at  the  bottom 


WATER -BACK 


WATER-BACK 


Fig.  15. 

of  the  lower  water-back  should  be  opened  quite  often  to  clear  it 
of  sediment,  as  it  will  collect  much  faster  at  this  point  than  at  the 
bottom  of  the  boiler. 

Double  Boiler  Connections.  It  quite  frequently  happens  that 
the  kitchen  boiler  does  not  have  sufficient  capacity  for  the  entire 
house,  and  it  is  not  desirable  to  use  a  larger  boiler  on  account 
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of  the  limited  space  in  the  kitchen.  In  such  cases  a  second  boiler 
may  be  connected  with  tlie  laundry  stove  if  one  is  provided,  and 
the  water  pipes  from  both  boilers  be  connected  together  at  some  point 
so  that  they  may 
both  discharge  hot 
water  into  the  same 
general  supply. 

Stopcocks  should 
be  placed  in  the 
pipe  connections  as 
shown,  so  that 
either  boiler  may 
be  shut  off  for 
repairs  without  in- 
terfering with  the 
operation  of  the 
other.  Waste  cocks 
should  always  be 
used  for  this  pur- 
pose, so  that  when 
closed  there  will 
be  a  connection  be- 
tween the  boiler 
and  the  atmos- 
phere. This  will 
prevent  damage  to 
the  boiler  in  case 
those  in  charge 
should  forget  to 
open  the  cocks 
when  starting  up  a 


fire  in  the  stove 
with  which  the 
boiler  is  connected. 


Fig.  16. 


Circulation  Pipes.  It  is  often  desirable  to  produce  a  con- 
tinuous circulation  in  the  distributing  pipes  so  that  hot  water  may 
be  drawn  from  the  faucets  at  once,  without  waiting  for  the  cooler 
water  in  the  pipe  between  the  boiler  and  the  faucet  to  run  out. 
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This  is  accomplished  by  connecting  a  small  pipe  with  the  hot- 
water  pipe  near  the  faucet,  and  connecting  it  with  the  bottom  of 
the  boiler  as  shown  in  Fig.  17.  This  makes  a  circuit,  and  a  con- 
stant circulation  is  produced  by  the  difference  in  temperature  of 
the  water  in  the  supply  and  circulation  pipes. 


Fig.  17. 

Ripe  Connections*  Brass  or  copper  pipe  with  screwed  fit- 
tings should  always  be  used  for  making  the  connections  between 
the  boiler  and  water  back.  Where  unions  are  used  they  should 
have  ground  joints  without  packing.  Lead  pipe  is  too  soft  to 
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stand  the  high  temperature  to  which  these  pipes  are  sometimes 
subjected. 

Laundry  Boilers.  In  laundries,  hotels,  etc.,  where  a  large 
amount  of  hot  water  is  used,  it  is  necessary  to  have  a  larger 
storage  tank  and  a  heater  with  more  heating  surface  than  can  be 


Fig.  18. 

obtained  in  the  ordinary  range  water-back.      Fig.  18    shows  an 
arrangement  for  this  purpose. 

The  boiler  may  be  of  wrought  iron  or  steel  of  any  size  de- 
sired, and  is  usually  suspended  from  the  ceiling  by  means  of 
heavy  strap  iron.  The  heaters  used  are  similar  to  those  employed 
for  hot  water  warming.  The  method  of  making  the  connections 
is  indicated  in  the  illustration. 
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The  capacity  of  the  heater  and  tank  depends  entirely  upon 
the  amount  of  water  used.  In  some  cases  a  large  storage  tank 
and  a  comparatively  small  heater  are  preferable^  and  in  others 
the  reverse  is  more  desirable. 

The  required  grate  surface  of  the  heater  may  be  computed  as 
follows :  first  determine  or  assume  the  number  of  gallons  to  be  heated 
per  hour,  and  the  required  rise  in  temperature.  Reduce  gallons 
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Fig.  19. 

to  pounds  by  multiplying  by  8.3,  and  multiply  the  result  by  the 
rise  in  temperature  to  obtain  the  number  of  thermal  units.  As- 
suming a  combustion  of  five  pounds  of  coal  per  square  foot 
of  grate,  and  an  efficiency  of  8,000  thermal  units  per  pound 
of  coal,  we  have 


Grate  Surface  in  sq.  ft. 


gal,  per  hour  X  8.3  X  rise  in  temp. 
5X8,000 


Example. —  How  many  square  feet  of  grate  surface  will  be 
required  to  raise  the  temperature  of  200  gallons  of  water  per 
hour  from  40  degrees  to  180  degrees  ? 

200  X  8.3  X  (180  —  40)        ,  Q 

— lUi L  =  5.8  square  feet 

5  X  8000 

In  computing  the  amount  of  water  required  for  bathtubs  it 
is  customary  to  allow  from  20  to  30  gallons  per  tub,  and  to  con- 
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sider  that  the  tub  may  be  used  three  or  four  times  per  hour  as  a 
maximum  during  the  morning.  This  will  vary  a  good  deal,  de- 
pending upon  the  character  of  the  building.  The  above  figures 
are  based  on  apartment  hotel  practice. 

Boilers  with  Steam  Coils.  In  large  buildings  where  steam 
is  available,  the  water  for  domestic  purposes  is  usually  warmed  by 
placing  a  steam  coil  of  brass  or 
copper  pipe  in  the  storage  tank. 
This  may  be  a  trombone  coil  made 
up  with  brass  fittings,  or  a  spiral 
consisting  of  a  single  pipe.  Heaters 
of  these  types  are  shown  in  Figs. 
19  and  20.  The  former  must  be 
used  in  tanks  which  are  placed 
horizontally,  and  the  latter  in 
vertical  tanks.  If  the  steam  is 
used  at  boiler  pressure,  the  con- 
densation may  return  directly  to 
the  boiler  by  gravity ;  but  if  steam 
at  a  reduced  pressure  is  used,  it 
must  be  trapped  to  the  receiver  of 
a  return  pump  or  to  the  sewer. 

The  cold  water  is  supplied 
near  the  bottom  of  the  tank,  and 
the  service  pipes  are  taken  off  Fig.  20. 

at  the  top.      A  drip  pipe    should 

be  connected  with  the  bottom,  for  draining  the  tank  to  the 
sewer.  Gate  valves  should  be  provided  in  all  pipe  connections 
for  shutting  off  in  case  of  repairs.  Sometimes  a  storage  tank  is 
connected  with  a  steam-heating  system  for  winter  use,  and  cross 
connected  with  a  coal-burning  heater  for  summer  use  where 
steam  is  not  available.  Such  an  arrangement  is  shown  in 
Fig.  21. 

The  efficiency  of  a  steam  coil  surrounded  by  water  is  much 
greater  than  when  placed  in  the  air.  A  brass  or  copper  pipe  will 
give  off  about  200  thermal  units  per  square  foot  of  surface  per 
hour  for  each  degree  difference  in  temperature  between  the  steam 
and  the  surrounding  water.  This  is  assuming  that  the  water  is 
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circulating  through  the  heater  so  that  it  moves  over  the  coil  at  a 
moderate  velocity.  In  assuming  the  temperature  of  the  water  we 
must  take  the  average  between  that  at  the  inlet  and  outlet. 

Example. —  How  many  square  feet  of  heating  surface  will  be 
required  in  a  brass  coil  to  heat  100  gallons  of  water  per  hour 
from  38  degrees  to  190  degrees,  with  steam  at  5  pounds  pressure? 


STEAM  -p 


Fig.  21. 


Water  to  be  heated  =  100  X  8.3  =  830  pounds. 
Rise  in  temperature  =  190  —  38  =  15 2  degrees. 
Average  temperature  of  water  in  contact  with  the  coils 

190  4-38 
= 2 =         degrees 
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Temperature  of  steam  at  5  pounds  pressure  =  228  degrees. 
The  required  B.  T.  U.  per  hour  =  830  X  152  =  126,160. 
Difference  between  the  average  temperature  of  the  water  and 
the  temperature  of  the  steam  =.  228  — 114  =  114  degrees. 

B.  T.  U.  given  up  to  the  water  per  square  foot  of  surface  per 
hour  =  114  X  200  =  22,800,  and 
126,160 
22,800    =         8(luare  feet-     An»- 

EXAflPLES   FOR  PRACTICE. 

1.  How  many  linear 
feet  of  1-inch  brass  pipe  will 
be  required  to  heat  150  gal- 
lons of  water  per  hour  from 
40  to  200  degrees,  with  steam 
at  20  pounds  pressure  ? 

Ans.  21.3  feet. 

2.  How   many    square 
feet  of  grate  surface  will  be 
required  in  a  heater  to  heat 
300  gallons  of  water  per  hour 
from  50  to  170   degrees? 

Ans.  7.4  square  feet. 

3.  A  hot- water  storage 
tank   has  a  steam    coil  con- 
sisting of    30  linear   feet   of 
1-inch    brass    pipe.         It   is 
desired  to  connect  a  coal-burn- 
ing heater   for    summer   use 
which    shall  have   the   same 
capacity.    Steam  at  5  pounds 
pressure    is    used,    and    the 
water  is  raised  from  40  to  180 
degrees.     How  many  square 

feet  of  grate  surface  are   re-  p.     22 

quired?  Ans.  5.9  sq.  ft. 

4.  A   hotel    has  30  bathtubs,   which  are  used  three  time," 
apiece  between  the  hours  of  seven  and  nine  in  the  morning.     The 
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hot-water  system  has  a  storage  tank  of  400  gallons.  Allowing  20 
gallons  per  bath,  and  starting  with  the  tank  full  of  hot  water,  how 
many  square  feet  of  grate  surface  will  be  required  to  heat  the 
additional  quantity  of  water  within  the  stated  time,  if  the  temper- 
ature is  raised  from  50  to  130  degrees?  If  steam  at  10  pounds 
pressure  is  used  instead  of  a  heater,  how  many  square  feet  of 
heating  coil  will  be  required?  A  j  11.6  sq.  ft.  grate. 

S'  I  15.3  sq.  ft.  coil. 

Temperature  Regulators.  Hot-water  storage  tanks  having 
special  heaters  or  steam  coils  snould  be  provided  with  some  means 
for  regulating  the  temperature  of  the  water.  Fig.  22  shows  a 
simple  form  attached  to  a  coal-burning  heater.  It  consists  of  a 


e 

Fig.  23. 

casting  about  nine  inches  long,  tapped  at  the  ends  to  receive  a 
2-inch  pipe,  and  containing  within  it  a  second  shell  called  the 
steam  generator.  (See  Fig.  23.)  The  outer  shell  is  connected 
with  the  circulation  pipe  as  shown  in  Fig.  22.  The  generator  is 
filled  with  kerosene,  or  a  mixture  of  kerosene  and  water,  depend- 
ing upon  the  temperature  at  which  it  is  wished  to  have  the  regu- 
lator operate.  The  inner  chamber  connects  with  the  space  below 
a  flexible  rubber  diaphragm.  The  boiling  point  of  the  mixture  in' 
the  generator  is  lower  than  that  of  water  alone,  and  depends  upon 
the  proportion  of  kerosene  used,  so  that  when  the  temperature 
of  the  water  in  the  outer  chamber  reaches  this  point,  the  mixture 
boils,  and  its  vapor  creates  a  pressure  which  forces  down  the 
diaphragm  and  closes  the  draft  door  of  the  heater  with  which  it 
ia  connected- 
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A  form  of  regulator  for  use  with  a  steam  coil  is  shown  in 
Fig.  24.  This  consists  of  a  rod  made  up  of  two  metals  having 
different  coefficients  of  expansion,  and  so  arranged  that  this  differ- 
ence in  expansion  will  produce  sufficient  movement,  when  the 
water  reaches  a  given  temperature,  to  open  a  small  valve.  This 


Fig.  24. 

allows  water  pressure  from  the  street  main  with  which  it  is  con- 
nected, to  flow  into  a  chamber  above  a  rubber  diaphragm,  thus 
closing  the  steam  supply  to  the  coil.  When  the  water  cools,  the 
rod  contracts,  and  the  pressure  is  released  above  the  diaphragm, 
allowing  the  valve  to  open  and  thus  again  admit  steam  to  the 
coil. 


289 


34  PLUMBING. 


GAS    FITTING. 

Next  to  heating  and  ventilation  and  plumbing  there  is  no 
part  of  interior  house  construction  requiring  so  much  attention  as 
the  gas  piping  and  gas  fitting. 

Gas  piping  in  buildings  should  be  installed  according  to 
carefully  drawn  specifications,  and  only  experienced  workmen 
should  be  employed.  The  gas  fitter  should  work  from  an  accurate 
sketch  plan  showing  the  location  of  all  gas  service  and  distributing 
pipes  in  the  building  and  the  locations  of  the  meter  and  shut-off 
cock.  The  plan  should  also  indicate  the  exact  location  and  size 
of  the  risers  and  the  position  of  the  lights  in  the  different  rooms. 

Service  Pipe  and  Meter.  The  service  pipe  by  which  the  gas 
is  conveyed  to  a  building  is  always  put  in  by  the  gas  company. 
The  size  of  this  pipe  is  governed  by  the  number  of  burners  to  be 
supplied,  but  it  should  never  in  any  case,  even  for  the  smallest 
house,  be  less  than  1  inch  in  diameter.  This  may  be  slightly 
larger  than  is  necessary,  but  the  cost  is  only  a  little  more  and  the 
liability  of  stoppages  is  much  less ;  this  also  allows  for  the  future 
addition  of  more  burners,  which  is  often  a  matter  of  much  con- 
venience. Service  and  distributing  pipes  for  water,  or  naphtha 
gas,  should  be  from  15  to  20  per  cent  larger  than  for  coal  gas. 
The  material  for  the  main  service  pipe,  from  the  street  to  the 
house,  should  be  either  lead  or  wrought  iron.  As  a  rule,  wrought- 
iron  pipe  with  screwed  joints  is  preferable  to  lead,  because  it  is 
less  likely  to  sag  in  the  trench,  thus  causing  dips  for  the  accumu- 
lation of  water  of  condensation.  Care  must  be  observed  in  the 
use  of  wrought-iron  pipe  to  protect  it  by  coating  with  asphalt,  or 
coal  tar,  to  prevent  corrosion.  The  pipe  should  also  be  well  sup- 
ported in  the  trench.  Service  pipes  should  preferably  rise  from 
the  street  gas  main  toward  the  house  in  order  to  allow  all  conden- 
sation to  run  back  into  the  mains.  This,  however,  cannot  always 
be  done,  owing  to  the  relative  levels  of  the  street  main  and  the 
meter  in  the  house.  The  latter  should  be  placed  in  a  cool,  well- 
lighted  position,  at  or  below  the  level  of  the  lowest  burner,  which 
is  usually  in  the  cellar."  If  the  meter  is  below  the  gas  main,  the 
service  pipe  must  grade  toward  the  house  and  should  be  provided 
with  a  drip  pipe,  or  "  siphon,"  before  connecting  with  the  meter. 
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When  water  accumulates  in  the  siphon,  the  cap  is  removed  and 
the  pipe  drained.  The  gas  company  usually  supplies  and  sets  the 
meter,  which  should  be  of  ample  size  for  the  number  of  lights 
burned. 

A  stopcock,  or  valve,  is  placed  by  the  company  in  the  service 
pipe,  so  that  the  gas  may  be  shut  off  from  each  building  sepa- 
rately. This  is  usually  placed  outside  near  the  curb  in  the  case 
of  buildings  requiring  a  pipe  1 J  inches  in  diameter,  or  larger.  In 
the  case  of  theaters  or  assembly  halls  it  is  often  required  by  law 
as  a  safeguard  in  case  of  fire.  The  meter  is  connected  with  both 
the  service  pipe  and  the  main  house  pipe  by  means  of  short  con- 
nections of  extra  heavy  lead  pipe.  A  cock  is  placed  near  the 
meter,  and  in  large  buildings  this  is  arranged  so  that  a  lock  may 
be  attached  to  it  when  the  gas  is  shut  off  by  the  company.  Gate 
valves  are  preferable  for  gas  mains,  as  they  give  a  free  opening 
equal  to  the  full  size  of  the  pipe. 

PIPES. 

Distributing  Pipes.  The  distributing  pipes  inside  of  a  house 
are  usually  of  wrought  iron,  except  where  exposed  in  rooms,  or 


Fig.  25.  Pig.  26.  Fig.  27.  Fig.  28. 

carried  along  walls  lined  with  enameled  brick,  or  tile,  in  which 
case  they  may  be  of  polished  bass,  or  copper.  The  chief  re- 
quirements for  wrought-iron  distributing  pipes  are  that  they  be 
carefully  welded  and  perfectly  circular  in  section.  The  first  is 
important  in  order  to  avoid  splitting  when  cutting  or  threading 
them  on  the  pipe  bench. 

All  gas  pipes  are  put  together  with  screwed  joints,  a  thread 
being  cut  upon  the  outside.  When  the  pipe  is  irregular  in  sec- 
tion the  threading  will  be  more  or  less  imperfect,  and  as  a  result 
the  joints  will  be  defective.  A  good  gas  fitter  must  examine  all 
pipe  as  it  is  delivered  at  the  building,  and  observe  the  section 
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either  by  means  of  the  eye  or  by  the  use  of  calipers.  Plain 
wrought-iron  pipe  is  likely  to  rust  upon  the  inside,  especially 
where  the  gas  supplied  is  imperfectly  purified,  and  for  this  reason 
it  is  often  advisable  to  use  rustless,  or  galvanized  pipe,  for  the 
smaller  sizes. 


Fig.  29. 

Fittings  and  Joints.  The  fittings  used  in  gas  piping  are 
similar  to  those  employed  in  steam  work,  such  as  couplings, 
elbows,  tees,  crosses,  etc.  (see  Figs.  25,  26,  27  and  28).  Other 
fittings  not  so  extensively  used  are  the  union,  the  flange  union, 

the  running  socket  and  right 
and  left  couplings.  Fig.  29 
shows  a  screwed  union  and 
Fig.  30  a  flange.  These  fit- 
tings  are  of  cast  iron,  or  of 
malleable  iron,  the  latter  being 
preferred  for  the  smaller  sizes. 
Fittings  may  be  either  gal- 
vanized, or  rustless,  as  in  the 
case  of  pipe,  and  it  is  especially  necessary  that  they  be  free  from 
sand  holes.  In  making  pipe  joints  the  gas  fitter  should  make  use 
of  red  lead,  or  red  and  white  lead  mixed,  to  make  up  for  any  pos- 
sible imperfections  in  the  threads ;  this,  however,  should  be  used 
sparingly  so  that  the  pipe  may  not  be  choked  or  reduced  in  size. 
The  use  of  gas  fitters'  cement  should  be  prohibited.  It  is  impor- 
tant that  each  length  should  be  tightly  screwed  into  the  fitting 
before  the  next  length  is  put  on.  It  is  always  a  wise  precaution 


Fig.  30. 
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to  examine  each  length  of  pipe  before  it  is  put  in  place,  to  make 
sure  it  is  free  from  imperfections  of  any  kind. 

Running  Pipes  and  Risers.  All  large  risers  should  be  ex- 
posed, and  it  is  desirable  to  keep  all  piping  accessible  as  far  as 
possible  so  that  it  may  be  easily  reached  for  repairs.  All  hori- 
zontal pipes  should  be  run  with  an  even  though  slight  grade 
toward  the  riser,  and  all  sags  in  the  pipes  must  be  avoided  to  prevent 
the  collection  of  water,  and  for  this  reason  they  should  be  well  sup- 
ported. Floor  boards  over  all  horizontal  pipes  should  be  fastened 
down  with  screws  so  that  they  may  be  removed  for  inspection  of  the 
pipes.  When  it  becomes  necessary  to  trap  a  pipe,  a  drip  with  a 
drain  cock  must  be  put  in,  but  this  should  always  be  avoided  un- 
der floors  or  in  other  inaccessible  places.  When  pipes  under  floors 
run  across  the  timbers,  the  latter  should  be  cut  into  near  the  ends, 
or  where  supported  upon  partitions,  in  order  to  avoid  weakening 
the  timbers.  All  branch  outlet  pipes  should  be  taken  from  the 
side  or  top  of  the  running  lines,  and  bracket  pipes  should  be  run 
up  from  below  instead  of  dropping  from  above.  Never  drop  a 
center  pipe  from  the  bottom  of  a  running  line ;  always  take  such 
an  outlet  from  the  side  of  the  pipe.  Where  possible  it  is  better 
to  carry  up  a  main  riser  near  the  center  of  the  building,  as  the 
distributing  pipes  will  be  smaller  than  if  carried  up  at  one  end. 
Where  this  is  done  the  timbers  will  not  require  so  much  cutting, 
and  the  flow  of  gas  will  be  more  uniform  throughout  the  system. 

When  a  building  has  different  heights  of  post  it  is  always 
better  to  have  an  independent  riser  for  each  height  rather  than  to 
drop  a  system  of  piping  from  a  higher  to  a  lower  post  and  grading 
to  a  lower  point  and  establishing  drip  pipes.  Drips  in  a  building 
should  be  avoided  if  possible  and  the  whole  system  of  piping  be 
so  arranged  that  any  condensed  gas  will  flow  back  through  the 
system  and  into  the  service  pipe.  All  outlet  pipes  should  be 
securely  fastened  in  position,  so  that  there  will  be  no  possibility 
of  their  moving  when  the  fixtures  are  attached.  Center  pipes 
should  rest  on  a  solid  support  fastened  to  the  floor  timbers  near 
the  top.  The  pipe  should  be  securely  fastened  to  the  support 
to  prevent  movement  side  wise.  The  drop  must  be  perfectly  plumb 
and  pass  through  a  guide  fastened  near  the  bottom  of  the  timbers 
in  order  to  hold  it  rigidly  in  position.  (See  arrangement,  Fig.  31.) 
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Unless  otherwise  directed,  outlets  for  brackets  should  be 
placed  5^  feet  from  the  floor  except  in  the  cases  of  hallways  and 
bathrooms,  where  it  is  customary  to  place  them  6  feet  from  the 
floor.  Upright  pipes  should  be  plumb,  so  that  nipples  which  pro- 
ject through  the  walls  will  be  level;  the  nipples  should  not 


Fig.  31. 

project  more  than  |  inch  from  the  face  of  the  plastering.  Lathes 
and  plaster  together  are  usually  about  |  inch  thick,  so  the  nipples 
should  project  about  1|  inches  from  the  face  of  the  studding. 

Gas  pipes  should  never  be  placed  on  the  bottoms  of  floor 
timbers  that  are  to  be  lathed  and  plastered,  because  they  are  inac- 
cessible in  case  of  leakage  or  alterations. 

Pipe   Sizes.      All    risers    and    distributing    pipes,    and    all 
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branches  to  bracket  and  center  lights  should  be  of  sufficient  size 
to  supply  the  total  number  of  burners  indicated  on  the  plans. 
Mains  and  branches  should  be  proportioned  according  to  the  num- 
ber of  lights  they  are  to  supply,  and  not  the  number  of  outlets. 

No  pipe  should  be  less  than  |  inch  in  diameter,  and  this  size 
should  not  be  used  for  more  than  two-bracket  lights.  No  pipe 
for  a  chandelier  should  be  less  than  1  inch  up  to  four  burners, 
and  it  should  be  at  least  |  inch  for  more  than  four  burners.  The 
following  table  gives  sizes  of  supply  pipes  for  different  numbers 
of  burners  and  lengths  of  run. 

TABLE  VII. 


Size  of  Pipe. 
Inches. 

Greatest  Length 
of  Run. 
Feet. 

Greatest    Num- 
ber of    Burners 
to  be  Supplied. 

| 

20 

2 

30 

4 

| 

50    . 

15 

1 

70 

25 

n 
I* 

100 
150 
200 

40 
70 
140 

f 

300 
400 

225 
300 

4 

500 

500 

Testing  Gas  Pipes.  As  soon  as  the  piping  is  completed,  it 
should  be  tested  by  means  of  an  air  pump  ;  a  manometer  or  mer- 
cury gage  is  used  to  indicate  the  pressure.  In  the  case  of  large 
buildings,  it  is  better  to  divide  the  piping  into  sections,  and  test 
each  separately.  All  leaks  revealed  must  be  repaired  at  once,  and 
the  test  repeated  until  the  whole  system  is  air  tight  at  a  pressure 
of  from  15  to  20  inches  of  mercury,  or  7|-  to  10  pounds  per 
square  inch. 

The  final  test  is  of  great  importance.  This  test  is  to  provide 
against  future  troubles  and  dangers  from  leaks  resulting  from 
sand  holes  in  the  fittings,  split  pipe,  imperfect  threads,  loose  joints 
or  outlets  left  without  capping.  If  the  building  is  new,  a  careful 
inspection  should  first  be  made  to  see  that  all  outlets  are  closed, 
then  the  valve  in  the  service  pipe  closed  and  the  air  pump  at- 
tached to  any  convenient  side-light.  To  the  same  outlet  or  an 
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adjacent  one  attach  the  mercury  column  gage  used  by  gas  fitters, 
and  having  a  column  from  15  to  20  inches  in  height.  Care  must 
be  taken  that  there  are  no  leaks  in  the  gage  or  its  connections  ;  a 
tight-closing  valve  must  be  placed  between  the  gas  pipe  and  the 
temporary  connections  with  the  pump,  so  that  it  may  be  shut  off 
immediately  after  the  pump  stops,  thus  preventing  any  leakage 
through  the  pump  valves  or  hose  joints.  When  all  is  ready, 
pump  the  system  full  of  air  until  the  mercury  rises  to  a  height  of 
at  least  12  inches  in  the  gage;  then  close  the  intermediate  valve 
between  the  pump  and  the  piping.  Should  the  mercury  column 
"  stand  "  for  five  minutes,  it  is  reasonable  to  assume  that  the  pipes 
are  sufficiently  tight  for  any  pressure  to  which  they  will  afterward 
be  subjected. 

If  the  mercury  rises  and  falls  with  the  strokes  of  the  pump, 
it  indicates  a  large  leak  or  open  outlet  near  the  pump.  But 
should  there  be  a  split  pipe  or  an  aggregation  of  small  leaks,  the 
mercury  will  run  back  steadily  between  the  strokes  of  the  pump, 
though  more  slowly  than  it  rose.  Should  it  rise  well  in  the  glass 
and  sink  at  the  rate  of  1  inch  in  five  seconds,  small  leaks  in  fit- 
tings or  joints  may  be  expected. 

A  leak  that  cannot  be  detected  by  the  sound  of  issuing  air 
may  usually  be  found  by  applying  strong  soap-water  with  a  brush 
over  suspected  joints  or  fittings ;  the  leak  in  this  case  being  indi- 
cated by  the  bubbles  blown  by  the  escaping  air.  Sometimes  it  is 
necessary  to  use  ether  in  the  pipes  for  locating  leaks,  if  the  pipes 
are  in  partitions  or  under  floors.  The  ether  is  put  into  a  bend  of 
the  connecting  hose,  or  in  a  cup  attached  to  the  pump,  and  forced 
in  with  the  air.  By  following  the  lines  of  the  pipe,  the  approxi- 
mate position  of  a  leak  may  be  determined  by  the  odor  of  escap- 
ing ether. 

If  the  house  is  an  old  one  or  has  been  finished,  the  meter 
should  be  taken  out  and  the  bottom  of  the  main  riser  capped. 
Next  remove  all  fixtures  and  cap  the  outlets.  Then  use  ether -to 
locate  the  leaks  before  tearing  up  floors  or  breaking  partitions. 

GAS  FIXTURES. 

Burners.  Illuminating  gas  is  a  complex  mixture  of  gases, 
of  which  various  chemical  compounds  of  carbon  and  hydrogen 
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form  the  principal  light-giving  properties.  Gas  always  contains 
more  or  less  impurities,  such  as  carbonic  oxide,  carbonic  acid, 
ammonia,  sulphureted  hydrogen  and  bisulphides  of  carbon. 
These  are  partly  removed  by  purifying  processes  before  the  gas 
leaves  the  works. 

When  the  gas-jet  is  lighted,  the  hydrogen  is  consumed  in  the 
lower  part  of  the  flame,  producing  sufficient  heat  to  render  the 
minute  particles  of  carbon  incandescent.  The  hydrogen,  in  the 
process  of  combustion,  combines  with  the  oxygen  from  the  air, 
forming  an  invisible  vapor  of  water,  while  the  carbon  unites  with 
the  oxygen,  forming  carbonic  acid. 


Fig.  32. 


Fig.  33. 


Fig.  34. 


Various  causes  tend  to  render  combustion  incomplete :  there 
may  be  excessive  pressure  of  gas,  lack  of  air  or  defective  burners. 
An  excess  of  pressure  at  the  burners  causes  a  reduction  of  the 
amount  of  illumination ;  on  the  other  hand,  if  the  pressure  is  in- 
sufficient, the  heat  of  the  flame  will  not  raise  the  carbon  to  a 
white  heat,  and  the  result  will  be  a  smoky  flame.  It  therefore 
follows  that  for  every  burner  there  is  a  certain  pressure  and  corre- 
sponding flow  of  gas  which  will  cause  the  brightest  illumination. 

There  is  a  great  variety  of  burners  upon  the  market,  among 
which  the  following  are  the  principal  types : 

The  single-jet  burner,  the  bat's-wing  burner,  the  fish-tail 
burner,  the  Argand  burner,  the  regenerative  burner  and  the  in- 
candescent burner. 

The  Single-jet  burner  (Fig.  32)  is  the  simplest  kind,  having 
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only  one  small  hole  from  which  the  gas  issues.     It  is   suitable 
only  where  a  very  small  flame  is  required. 

The  Bat"1  s-wing  or  slit  burner  (Fig.  33)  has  a  hemispherical 
tip  with  a  narrow  vertical  slit  from  which  the  gas  spreads  out  in  a 
thin,  flat  sheet,  giving  a  wide  and  rather  low  flame,  resembling  in 
shape  the  wing  of  a  bat,  from  which  it  is  named.  The  common 
kind  of  slit  burners  are  not  suitable  for  use  with  globes,  as  the 
flame  is  likely  to  crack  the  glass. 

The  Union-jet  or  Fish-tail  burner  (Figs.  34  and  35)  consists 
of  a  flat  tip  slightly  depressed  or  concave  in  the  center, 
with  two  small  holes  drilled,  as  shown  in  Fig.  35.     Two 
jets  of  equal  size  issue  from  these  holes,  and  by  impin- 
ging upon  each  other  produce  a  flat  flame  longer  and 
j^ — -(       narrower  in  shape  than  the  bat's-wing,  and  not  unlike 
the  tail  of  a  fish.     Neither  of  these  burners  require  a 
chimney,  but  the  flames  are  usually  encased  with  glass  globes. 

The  Argand  burner  (Fig.  36)  consists  of  a  hollow  ring  of 
metal  connected  with  the  gas  tube,  and  perforated  on  its  upper 
surface  with  a  series  of  fine  holes,  from  which  the  gas  issues, 
forming  a  round  flame.  This  burner  requires  a  glass  chimney. 
As  an  intense  heat  of  combustion  tends  to  increase  the  brilliancy 
of  the  flame,  it  is  desirable  that  the  burner  tips  shall  be  of  a  mate- 
rial that  will  cool  the  flame  as  little  as  possible.  On  this  account 


Fig.  36.  Fig..  37.  Fig.  38. 

metal  tips  are  inferior  to  those  made  of  some  nonconducting 
material,  such  as  lava,  adamant,  enamel,  etc.  Metal  tips  are  also 
objectionable  because  they  corrode  rapidly,  and  thus  obstruct  the 
passage  of  the  gas.  Figs.  37  and  38  show  lava  tips  for  bat's- 
wing  and  fish-tail  burners.  Burner  tips  should  be  cleaned  occa- 
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sionally,  but   care  should  be  taken  not  to  enlarge  the  slits  or 
holes. 

In  all  regenerative  burners  the  high  temperature  due  to  the 
combustion  in  a  gas  flame  is  used  to  raise  the  temperature  of  the 
gas  before  ignition,  and  of  the  air  before  combustion.  These 
powerful  burners  are  used  for  lighting  streets,  stores,  halls,  etc. 


Fig.  39. 


Fig.  40. 


In  the  incandescent  burner  the  heat  of  the  flame  is  applied  in 

raising  to  incandescence  some  foreign  material,  such  as  a  basket 

of  magnesium  or  platinum  wires,  or  a  funnel-shaped  asbestos  wick 

or   mantel    chemically  treated  with   sulphate  of  zirconium   and 

other  chemical  elements.     A  burner  of  this  kind 

is  shown  in  Fig.  39,  where  the  mantel  may  be 

seen  supported  over  the  gas  flame  by  a  wire  at 

the  side.     Fig.  40  shows  another  form  of  this 

burner  in  which  a  chimney  and  shade  are  used 

in  place  of  a  globe.     Burners  of  this  kind  give 

a  very  brilliant  white  light  when    used  with 

water  gas  unmixed  with  naphtha  gases.     The 

mantel,  however,  is  very  fragile,  and  is  likely 

to  lose  its  incandescence  when  exposed  to  an 

atmosphere  containing  much  dust. 

TJie  Bunsen  burner  shown  in  Fig.  41  is  a 
form  much  used  for  laboratory  work.  It  burns 
with  a  bluish  flame,  and  gives  an  intense  heat 
without  smoke  or  soot.  The  gas  before  ignition  is  mixed  with  a 
certain  quantity  of  air,  the  proportions  of  gas  and  air  being 
regulated  by  the  thumbscrew  at  the  bottom,  and  by  screwing  the 


Fig.  41. 
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outer  tube  up  or  down,  thus  admitting  a  greater  or  less  quantity 
of  air  at  the  openings  indicated  by  the  arrows.  This  same  principle 
is  utilized  in  a  burner  for  brazing,  the  general  form  of  which  is 
shown  in  Fig.  42.  A  flame  of  this  kind  will  easily  melt  brass 
in  the  open  air. 


Fig.  42. 

Cocks.  It  is  of  greatest  importance  that  the  stopcocks  at 
the  fixtures  should  be  perfectly  tight.  It  is  rare  to  find  a  house 
piped  for  gas  where  the  pressure  test  could  be  successfully  ap- 
plied without  first  removing  the  fixtures,  as  the  joints  of  folding 


Fig.  43. 


Fig.  44. 


brackets,  extension  pendants,  stopcocks,  etc.,  are  usually  found  to 
leak  more  than  the  piping.  The  old-fashioned,  "  all-around  "  cock 
should  never  be  allowed  under  any  conditions  whatever;  only 
those  provided  with  stop  pins  should  be  used.  Various  forms  of 
cocks  with  stop  pins  are  shown  in  Figs.  43,  44  and  45.  All 


800 


PLUMBING. 


46 


joints  should  be  examined  and  tightened  up  occasionally  to  pre- 
vent their  becoming  loose  and  leaky. 


Fig.  46. 


Fig.  47. 


Brackets  and  Chandeliers.  Poor  illumination  is  frequently 
caused  by  ill-designed  or  poorly  constructed  brackets  or  chande- 
liers. Gas  fixtures,  almost  with- 
out exception,  are  designed  solely 
from  an  artistic  standpoint,  with- 
out regard  to  the  proper  condi- 
tions for  obtaining  the  best  illumi- 
nation. Fixtures  having  too  many 
scrolls  or  spirals  may,  in  the  case 
of  imperfectly  purified  gas,  accu- 


Fig.  45. 


Fig.  48. 


mulate  a  large  amount  of  a  tariy  deposit  which  in  time  hardens 
and  obstructs  the  passages.  Another  fault  is  the  use  of  very 
small  tubing  for  the  fixtures,  while  a  third  defect  consists  in 
the  many  leaky  stopcocks  of  the  fixtures,  caused  either  by  defec- 
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tive  workmanship,  or  by  the  keys  becoming  worn  and  loose. 
Common  forms  of  brackets  are  shown  in  Figs.  46  and  47,  the  lat- 
ter being  an  extensive  bracket.  There  is  an  endless  variety  of 
chandeliers  used,  depending  upon  the  kind  of  building,  the  finish 
of  the  room  and  the  number  of  lights  required.  Figs.  48,  49  and 
50  show  common  forms  for  dwelling  houses,  Fig.  50  being  used 
for  halls  and  corridors. 


Fig.  49. 


Fig.  50. 


Globes  and  Shades.  Next  to  the  burners,  the  shape  of  the 
globes  or  shades  surrounding  the  flame  affects  the  illuminating 
power  of  the  light.  In  order  to  obtain  the  best  results,  the  flow  of 
air  to  the  flame  must  be  steady  and  uniform.  Where  the  supply 
is  insufficient  the  flame  is  likely  to  smoke  ;  on  the  other  hand,  too 
strong  a  current-of  air  causes  the  light  to  flicker  and  become  dim 
through  cooling. 

Globes  with  too  small  openings  at  the  bottom  should  not  be 
used.  Four  inches  should  be  the  smallest  size  of  opening  for  an 
ordinary  burner.  All  glass  globes  absorb  more  or  less  light,  the 
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Fig.  61. 


loss  varying  from  10  per  cent  for  clear  glass  to  60  per  cent  or 
more  for  colored  or  painted  globes.  Clear  glass  is  therefore  much 
more  economical,  although  where  softness  of  light  is  especially  de- 
sired the  use  of  opal  globes  is  made  necessary. 

COOKING    AND    HEATING    BY    GAS. 

Cooking  by  gas  as  well  as  heating  is  now  very  common  and 

there   is  a  great  variety  of  appliances    for  its    use  in   this  way. 

Cooking  by  gas  is  less  expensive  and  less  troublesome  than  by 

coal,  oil   or  wood   and  is 

more  healthful  on  account 

of    the    absence    of   waste 

heat,  smoke  and  dust.     A 

gas  range  is  always  ready 

for   use    and    is    instantly 

lighted  by   applying   a 

match  to  the  burner.     The  fire,  when  kindled,  is  at  once  capable 

of  doing  its  full  work  ;  it  is  easily  regulated  and  can  be  shut  off 

the  moment  it  has  been 
used,  so  that  if  properly 
managed  there  is  no 
waste  of  fuel  as  in  the 
case  of  coal  or  wood. 

» 

The  kitchen  in  the  sum- 
mertime may  be  kept 
comparatively  cool  and 
comfortable.  Gas  stoves 
are  made  in  all  sizes, 
from  the-  simple  form 
shown  in  Fig.  51  to  the 
most  elaborate  range  for 
•hotel  use.  A  range  for 

family  use,  with  ovens  and  water  heater,  is  shown  in  Fig.  52. 

Figs.  53  and  54  show   the  forms   of  burners  used  for  cooking, 

the    former    being   a   griddle     burner     and    the    latter    an    oven 

burner. 

A  broiler  is  shown  in  Fig.  55  ;  the  sides  are  lined  with  asbes- 

tos, and  the  gas  is  introduced  through  a  large  number  of  small 
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openings.     The  asbestos  becomes  heated  and  the  effect  is  the  same 
as  a  charcoal  fire  upon  both  sides. 

Heating  by  Gas.     Gas  as  a  fuel  has  not  been  used  to  any 
great  extent  for  the  warming  of  whole  buildings,  its  application 


Fig.  54. 

being  usually  confined  to  the  heating  of  single  rooms.  Unlike 
cooking  by  gas,  a  gas  fire  for  heating  is  not  as  cheap  as  a  coal  fire 
when  kept  burning  constantly.  In  other  ways  it  is  effective  and 
convenient.  It  is  especially  adapted  to  the  warming  of  small 
apartments  and  single  rooms  where  heat  is  only  wanted  occasion- 


ally  and  for  brief  periods  of  time. 
In  the  case  of  bedrooms,  bath- 
rooms or  dressing-rooms,  a  gas  fire 
is  preferable  to  other  modes  of 
warming  and  fully  as  economical. 
It  may  be  used  on  cold  winter  days 
as  a  supplementary  source  of  heat 
in  houses  heated  by  stoves  or  by  Fi&-  55> 

furnaces.  Again,  a  gas  fire  may  be  used  as  a  substitute  for 
the  regular  heating  apparatus  in  a  house,  in  the  spring  or  fall,  when 
the  fire  in  the  furnace  or  boiler  has  not  yet  been  started.  It  is 
often  employed  as  the  only  means  for  heating  smaller  bedrooms, 
guest  rooms,  bathrooms,  and  for  temporary  heating  in  summer 
hotels  where  fires  are  required  only  on  occasional  cold  days. 

The  most  common  form  of  heater  is  that  shown  in  Fig.  56. 
This  is  easily  carried  from  room  to  room  and  may  be  connected 
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with  a  gas-jet,  after  first  removing  the  tip,  by  means  of  rubber 
tubing.  The  heater  is  simply  a  large  burner  surrounded  by  a 
sheet-iron  jacket  or  funnel.  Another  and  more  powerful  form  is 
the  gas  radiator,  shown  in  Fig.  57.  This  is  arranged  with  a 
flue  for  conducting  the  products  of  combustion  to  the  chimney,  as 
shown  in  the  section  Fig.  58.  Each  section  of  the  radiator  con- 
sists of  an  outer  and  an  inner  tube  with  the  gas  flame  between  the 


Fig.  66. 


Fig.  57. 


two.  This  space  is  connected  with  the  flue,  while  the  air  to  be 
heated  is  drawn  up  through  the  inner  tube,  as  shown  by  the 
arrows. 

Fig.  59  shows  an  asbestos  incandescent  grate,  and  Fig.  60  a 
grate  provided  with  gas  logs  made  of  metal  or  terra-cotta  and  as- 
bestos. The  gas  issues  through  small  openings  among  the  logs, 
and  gives  the  appearance  of  an  open  wood  fire. 

Hot-water  Heaters.  The  use  of  gas  cooking  ranges  makes  it 
necessary  to  provide  separate  means  for  heating  water.  This  is 
-•-complished  in  several  ways.  The  range  shown  in  Fig.  52  has  a 
boiler  attached  which  is  provided  with  a  separate  burner.  * 

Fig.  61  shows  a  gas  heater  attached  to  the  ordinary  "kitchen 
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boiler.  A  section  through  the  heater  is  shown  in  Fig.  62.  This 
consists  of  a  chamber  surrounded  by  an  outer  jacket  with  an  air 
space  between.  Circulation  pipes,  through  which  the  water  passes, 
are  hung  in  the  inner  chamber  just  above  a  powerful  gas-burner 
placed  at  the  bottom  of  the  heater. 

A  heater  of  different  form  for  heating  larger  quantities  of 


Fig.  59. 


Fig.  68. 


Fig.  60. 

water  is  shown  in  Figs.  63  and  64.  This  consists,  as  :n  the  case 
just  described,  of  a  circulation  coil  suspended  above  a  series  of 
burners.  The  supply  of  gas  admitted  to  the  burners  is  regulated 
by  an  automatic  valve,  which  is  opened  more  or  less  as  the  fio\\  of 
water  through  the  heater  is  increased  or  diminished.  When  no 
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water  is  being  used,  the  gas  is  shut  off  from  the  burners,  and  only 
a  small  "pilot  light,"  which  takes  its  supply  from  above  the  auto- 
matic valve,  is  left  burning.  As  soon  as  a  faucet  in  any  part  of 
the  building  is  opened  and  a  flow  of  water  started  through  the 
heater,  the  automatic  valve  opens,  admitting  gas  to  the  main  burn- 
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Fig.  62. 

ers,  which  is  ignited  by  the  pilot  light,  and  in  a  few  moments  hot 
water  will  flow  from  the  faucet.  The  heater  shown  has  a  capacity 
of  9  gallons  per  minute  from  a  temperature  of  55  to  130°. 

Another  type  is  that  known  as  the  instantaneous  water  heater, 
one  form  of  which  is  shown  in  Fig.  65.  This  is  made  especially 
for  bathrooms,  and  will  produce  a  continuous  stream  of  hot  water 
whenever  desired.  The  heater  is  shown  in  section  in  Fig.  66,  in 
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which  A  is  the  gas  valve,  B  the  water  valve,  D  the  pilot  light, 
FF  the  burners,  I  a  conical  heating  ring,  J  a  disc  to  retard  and 
spread  the  rising  heat,  K  a  perforated  copper  screen,  and  L  a 
revolving  water  distributer.  In  this  heater  the  water  is  exposed 
directly  to  the  heated  air  and  gases  in  addition  to  its  passing  over 
the  heated  surface  of  the  ring  I.  The  upward  arrows  show  the 
path  of  the  heat,  and  the  downward  arrows  the  passage  of  the 
water. 


Fig.  63. 


Fig.  64. 


GAS  nETERS. 

The  meter  should  be  placed  in  such  a  position  that  it  is  easily 
accessible  and  may  be  read  without  the  use  of  an  artificial  light. 
It  is  connected  into  the  system  between  the  service  pipe  and  main 
riser  to  the  building,  the  connections  being  made  as  shown  in 
Fig.  67. 

Different  meters  vary  but  little  in  the  arrangement  of  the 
dials.  In  large  meters  there  are  often  as  many  as  five  dials,  but 
those  used  for  dwelling  houses  usually  have  but  three.  Fig.  68 
shows  the  common  form  of  index  of  a  dry  meter.  The  small  index 
hand,  D,  on  the  upper  dial  is  not  taken  into  consideration  when 


303 


PLUMBING. 


reading  the  meter,  but  is  used  merely  for  testing.  The  three  dials, 
which  record  the  consumption  of  gas,  are  marked  A,  B  and  C,  and 
each  complete  revolution  of  the  index  hand  denotes  1,000,  10,000 
and  100,000  cubic  feet  respectively.  It  should  be  noted  that  the 
index  hands  on  the  three  dials  do  nob  move  in  the  same  direction ; 


Fig.  65. 

A  and  C  move  with  the  hands  of  a  watch,  and  B  in  the  opposite 
direction.  The  index  shown  in  Fig.  68  should  be  read  48,700. 
Suppose  after  being  used  for  a  time,  the  hands  should  have  the 
position  shown  in  Fig.  69.  This  would  read  64,900,  and  the 
amount  of  gas  used  during  this  time  would  equal  the  difference 
in  the  readings :  64,900  —  48,700  =  16,200  cubic  feet. 
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GAS   HACHINES. 


While  the  manufacture  of  gas  for  cities  and  towns  is  a  matter 
beyond  the  scope  of  gas  fitting,  it  may  not  be  out  of  place  to  take 
up  briefly  the  operation  of  one  of  the  forms  of  gas  machines 


SERVtCE  PIPE 


MAIN  P/SER 


Fig.  66. 


Fig.  67. 


which  are  used  for  supplying  private  residences  or  manufacturing 
plants. 

The  general  arrangement  of  the  apparatus  is  shown  in  Fig. 


FEET 


Fig.  69. 


70,  which  consists  of  a  generator,  containing  evaporating  pans  or 
chambers,  and  an  automatic  air  pump,  together  with  the  necessary 
piping  for  air  and  gas.  The  gas  made  by  these  machines  is  com- 
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monly  known  as  carbureted  air  gas,  being  common  air  impregnated 
with  the  vapors  of  gasoline.  It  burns  with  a  rich  bright  flame 
similar  to  coal  gas,  and  is  conducted  through  pipes  and  fixtures  in 
the  same  manner. 

Referring  to  Fig.  70,  the  automatic  air  pump  is  seen  in  the 
cellar  of  the  house,  and  connected  to  it  and  running  underground 
are  the  air  and  gas  pipes  connecting  it  with  the  generator,  which 
may  be  a  hundred  feet  or  more  away  if  desired.  When  the  mp- 
chine  is  in  operation,  the  pump- 
forces  a  current  of  air  through 
the  generator,  where  it  becomes 
carbureted,  thus  forming  an 
illuminating  gas  that  is  return- 
ed through  the  gas  pipe  to  the 
house,  where  it  is  distributed  to 
the  fixtures  in  the  usual  way. 
The  operation  is  automatic,  gas 
being  generated  only  as  fast  and 
in  such  quantities  as  required 
for  immediate  consumption. 
The  process  is  continuous  while 
the  burners  are  in  use,  but  stops 
as  soon  as  the  lights  are  extin- 
guished. Power  for  running 
the  air  compressor  is  obtained 
by  the  weight  shown  at  the 
right,  which  must  be  wound  up 
at  intervals,  depending  upon  the 
amount  of  gas  consumed.  An 
air  compressoi  to  be  run  by  wa- 
ter power  is  shown  in  Fig.  71. 
mchine  is  entirely  automatic,  the  supply  of 
water  being  controlled  by  the  rising  and  falling  of  the  holder  A, 
which,  being  attached  by  a  lever  to  the  valve  B,  regulates  the 
amount  of  water  supplied  to  the  wheel  in  exact  proportion  to 
the  number  of  burners  lighted.  If  all  the  burners  are  shut  off, 
the  pressure  accumulating  in  the  holder  A  raises  it  and  shuts  the 
water  off.  If  a  burner  is  lighted,  the  holder  falls  slightly,  allow- 


Fig.  71. 


The  action  of  this 
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ing  just  enough  water  to  fall  upon  the  wheel  to  furnish  the  amount 
of  gas  required.  A  pump  or  compressor  of  this  kind  requires 
about  two  gallons  of  water  per  hour  for  each  burner.  The  advan- 


tages of  a  water  compressor  over  one  operated  by  a  weight  are 
that  it  requires  no  attention,  never  runs  down  and  is  ready  for 
immediate  use  at  all  times. 

The  generator  is  made  up  of  a  number  of  evaporating  pans  or 
chambers  placed  in  a  cylinder  one  above  another.     These  chambers 
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are  divided  by  supporting  frames  into  winding  passages,  which 
give  an  extended  surface  tor  evaporation.  Fig.  72  shows  the 
generator  when  set  with  a  brick  pit  and  manhole  at  one  side.  It 
is  supplied  with  mica  gages  for  showing  the  amount  of  gasoline  in 
each  pan,  and  with  tubes  and  valves  for  distributing  it  to  the  differ- 
ent pans  as  required.  In  small  plants  the  generator  is  usually 
buried  without  the  pit  being  provided,  but  for  larger  plants  the 

setting  shown  in 
Fig.  72  is  recom- 
mended. Car- 
bureted air  gas 
of  standard 
quality  contains 
15  per  cent  of 
vapor  to  85  per 
cent  of  air.  A 
regulator  or 
mixer  for  sup- 
plying gas  hav- 
ing these  pro- 
portions is 
shown  in  section 
in  Fig.  73.  It 
consists  of  a 
cast-iron  case  in 
which  is  sus- 
pended a  sheet- 
m  etal  can,  B, 
filled  with  air 

and  closely  sealed.  The  balance  beam  E,  to  which  this  is  hung,  is 
supported  by  the  pin  H,  on  agate  bearings.  Since  the  weight  of  the 
can  B  is  exactly  balanced  by  the  ball  on  the  beam  E,  movement  of  B 
can  only  be  caused  by  a  difference  in  the  weight  or  density  of  the 
gas  inside  the  chamber  A  and  surrounding  the  can  B.  If  the  gas 
becomes  too  dense,  B  rises  and  opens  the  valve  C,  thus  admitting 
more  air;  and  if  it  becomes  too  light,  C  closes  and  partially  or 
wholly  shuts  off  the  air,  as  may  be  required. 
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PRACTICAL  TEST  QUESTIONS. 

In  the  foregoing  sections  of  this  Cyclopedia 
numerous  illustrative  examples  are  worked  out  in 
detail  in  order  to  show  the  application  of  the  various 
methods  and  principles.  Accompanying  these  are 
examples  for  practice  which  will  aid  the  reader  in 
fixing  the  principles  in  mind. 

In  the  following  pages  are  given  a  large  number 
of  test  questions  and  problems  which  afford  a  valu- 
able means  of  testing  the  reader's  knowledge  of  the 
subjects  treated.  They  will  be  found  excellent  prac- 
tice for  those  preparing  for  College,  Civil  Service, 
or  Engineer's  License.  In  some  cases  numerical 
answers  are  given  as  a  further  aid  in  this  work. 
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REVIEW    QUESTIONS 

ON     THE     SUBJECT     OF 

HEATING    AND    VENTILATION 

PART  I. 


1.  What  advantage  does  indirect  steam  heating  have  ov  « 
direct  heating?     What  advantages  over  furnace  heating? 

2.  What  are  the  causes  of  heat  loss  from  the  building? 

3.  Why  is  hot  water  especially  adapted  to  the  warming  nf 
dwellings  ? 

4.  What  proportion  of  carbonic-acid  gas  is  found  in  out 
door  air  under  ordinary  conditions  ? 

5.  A  room  in  the  N.  E.  corner  of  a  building  is  18'  square 
and  10'  high;  there  are  5  single  windows,  each  3'  X  10'  in  size; 
the  walls  are  of  brick  12"  in  thickness.     With  an  inside  temper- 
ature of  70  degrees,  what  will  be  the  heat  loss  per  hour  in  zero 
weather?  Ans.  21,447  B.  T.  U. 

6.  State  four  important  points  to  be  noted  in  the  care  of  a 
furnace. 

7.  A  grammar  school  building  has  4  rooms,  one  in  each 
corner,  each  being  30'  X  30'  and  14'  high  and  seating  50  pupils. 
The  walls  are  of  wooden  construction,  and  the  windows  make  up 
£  of  the  total   exposed   surface.     The   basement   and   attic   are 
warm.     How  many  pounds  of  coal  will  be  required  per  hour  for 
both  heating  and  ventilation  in  zero  weather,  if  8,000  B.  T.  U.  are 
utilized  from  each  pound  of  coal?  Ans.  96.3  Ibs. 

8.  What  two  distinct  types  of  furnaces  are  used?     What 
are  the  distinguishing  features  ? 

9.  What  is  meant  by  the  efficiency  of  a  furnace  ?     What 
efficiencies  are  obtained  in  ordinary  practice? 

10.     What  are   the   principal  parts   of   a   furnace?     State 
briefly  the  use  of  each. 
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The  walls  are  12"  in  thichness  and  ^  the  total  exposed  wall  is 
taken  up  by  windows,  which  are  double.  The  basement  is  warm, 
but  the  attic  is  cold.  The  house  is  to  be  warmed  to  70  degrees 
when  it  is  ten  degrees  below  zero  outside.  How  many  square 
feet  of  grate  surface  will  be  required,  assuming  usual  efficiencies 
of  coal  and  furnace  ?  Ans.  8.5  square  feet. 

12.  A  high  school  is  to  be  provided  with  tubular  boilers. 
What  H.  P.  will  be  required  for  warming  and  ventilation  in  zero 
weather  if   there  are  600  occupants,  and  the  heat  loss  through 
walls  and  windows  is  1,500,000  B.  T.  U.  per  hour? 

Ans.  114.8 

13.  What  are    the    three   essential    parts    of    any   heating 
system  ? 

14.  Is  direct   steam    heating   adapted   to   the   warming    of 
schoolhouses  and  hospitals  ?     Give  the  reasons  for  your  answer. 

15.  The  heat  loss  from  a  dwelling  house  is  280,000  B.  T.  U. 
per  hour.     It  is  to  be  heated  with  direct  steam  by  a  type  of  boiler 
in  which  the  ratio  of    heating  surface   to   grate  surface    is   28. 
What  will   be  the  most  efficie j ,  rate  of   combustion,  and  how 
many  square  feet  of  grate  surface  will  be  required  ? 

Ans.  7  pounds.      5  sq.  feet. 

16.  What  is  the  use  of  a  blow-off  tank  ?     Show  by  a  sketch 
how  the  connections  are  made. 

17.  How  are  the  sizes  of  single  pipe  risers  computed? 

18.  What    weight  of   steam   will  be  discharged    per    inin. 
through  a  6"  pipe  300'  long  with  an  initial  presure  of  10  pounds 
and  a  drop  of  ^  pound  in  its  entire  length  ? 

19.  What  is  an  air  valve?     Upon  what  principles  does  it 
work? 

20.  What  size  of  steam  pipe  will  be  required  to  discharge 
2400  pounds  of  steam  per  hour  a  distance  of  900',  with  an  initial 
pressure  of  sixty  pounds  and  a  drop  in  pressure  of  5  pounds  ? 

Ans.  3|  dra. 

21.  What  objection  is  there  to  a  single  pipe  riser  system? 
How  is  this  sometimes  overcome  in  large  buildings  ? 

22.  What  patterns  of  valves  should  be  used  for  radiators? 
What  conditions  of  construction  must  be  observed  in  making  the 
connections  between  the  radiator  and  riser  ? 
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23.  The  heat  loss  from  a  shop  is  36,000  B.T.U.  per  hour ; 
how  many  linear  feet  of  2"  pipe  will  be  required  to  warm  it,  using 
low  pressure  steam?  Ans.  192  feet. 

24.  What    are    meant    by    "wet"    and     "dry"    returns? 
Which  is  the  better,  and  why  ? 

25.  How  many  linear  feet  of  1 J"  pipe  are  required  to  give 
off  the  same  amount  of  heat  as  a  cast  iron  radiator  having  125 
square  feet  of  surface?  Ans.  215  feet. 

26.  What  three  systems  of  piping   are  commonly  used  in 
direct  steam  heating  ?     Describe  each  briefly. 

27 .  What  is  a  "  branch  coil  ?  "    What  is  a  "  trombone  coil  ?  " 
In  what  cases  would  you  use  a  trombone  coil  instead  of  a  branch 
coil? 

28.  What  is  meant  by  the  efficiency  of  a  radiator?     Give 
average  efficiencies  of  cast  iron  and  pipe  radiators,  also  circulation 
coil. 

29.  The  heat  loss  from  a  room  is  22,500  B.T.U.  in  zero 
weather.     What  size  of  cast  iron  radiator  would  be  required  to 
warm  the  room  when  it  is  twenty  degrees  below  zero  ? 

Ans.  128  square  feet. 

30.  Where  would  you  place  the  direct  radiation  in  a  school- 
room? 
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HEATING    AND    VENTILATION. 

PART  II. 


1.  How  would  you  obtain  the  sizes  of  the  cold  and  warm 
air  pipes  connecting  with  indirect  heaters  in  dwelling-house  work  ° 

2.  What  is  an  aspirating  coil  and  what  is  its  use  ? 

3.  What  efficiencies  may  be  allowed  for  indirect  heaters  in 
schoolhouse  work  ?      How   would   you  compute  the    size  of   an 
indirect  heater  for  a  room  in  a  dwelling  house  ? 

4.  How  is  the  size  of  a  direct-indirect  radiator  computed9 

5.  A  schoolroom  on  the  fourth  floor  is  to  be  supplied  with 
2,400  cubic  feet  of  air  per  minute.     What  should  be  the  area  of 
the  warm-air  supply  flue  ? 

Ans.  6  square  feet. 

6.  What  is  the  chief  objection  to  a  mixing  damper,  and  how 
may  this  be  overcome  ? 

7.  How   many   square   feet   of   indirect  radiation    will  be 
required    to  warm  and  ventilate   a   schoolroom    when   it   is    10 
degrees  below  zero,  if  the  heat  loss  through  walls  and  windows  is 
42,000  B.  T.  U.  and  the  air  supply  120,000  cubic  feet  per  hour? 

Ans.  349  square  feet. 

8.  What  is  the  difference  in  construction  between  a  steam 
radiator  and  one  designed  for  hot  water  ?     Can  the  steam  radiator 
be  used  for  hot  water  ?     State  reasons  for  answer. 
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9.     How  may  the  piping  in  a  hot  water  system  be  arranged 
so  that  no  air  valves  will  be  required  on  the  radiators  ? 

10.  What  efficiency  is  commonly  obtained  from  a  direct  hot 
water  radiator?     How  is  this  computed? 

11.  How  should  the  pipes  be  graded  in  making  the  connec- 
tions  with   indirect  hot  water  heaters?     Where  should  the  air 
valve  be  placed? 

12.  Describe  briefly  one  form  of  grease  extractor. 

1 3.  What  is  the  office  of  a  pressure  reducing  valve  in  an 
exhaust  steam  heating  system  ? 

14.  Upon  what  principle  does  a  pump  governor  operate? 

15.  What  type  of  pipe  fittings  should  always  be  used  in  hot 
water  work? 

16.  How  is  the  water  of  condensation  returned  to  the  boilers 
in  exhaust  steam  heating  ? 

17.  How  many  cubic  feet  of  air  per  hour  will  be  discharged 
through  a  flue  2  feet  by  3  feet  and  60  feet  high,  if  the  air  in  the 
flue  has  a  temperature  of   80  degrees   and   the   outside   air   60 
degrees,? 

Ans.  134,280  cubic  feet. 

18.  In  a  hot  water  heating  system  what  causes  the  water  to 
flow  through  the  pipes  and  radiators  ?     How  does  the  height  of 
the  radiator  above  the  boiler  effect  the  flow  ? 

19.  What  precaution  should  always  be  taken  before  starting 
a  fire  under  a  steam  boiler  ? 

20.  What  is  the  free  opening   in  square  feet  through  a 
register  24  inches  by  48  inches  ?  Ans.  5.3  square  feet. 

21.  Why  are  return  pumps  or  return  traps  necessary  in 
exhaust  steam  heating  plants  ? 

22.  What  efficiency   may   be   obtained   from   indirect   hot 
water  radiators  under  usual   conditions  ?     What  is  the  common 
method  of  computing  indirect  hot  water  surface  for  dwelling  house 
work? 

23.  State  briefly  how  a  return  trap  operates. 

24.  What  is  the  use  of  an  expansion  tank,  and  what  should 
be  its  capacity? 

25.  Describe  the  action  of  one  form  of  damper  regulator. 
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26.  What  is  the  principal  difference  between  a  hot  water 
heater  and  a  steam  boiler  ?     What  type  of  heater  is  best  adapted 
to  the  warming  of  dwelling  houses  ? 

27.  Upon  what  four  conditions  does  the  size  of  a  pipe  to 
supply  any  given  radiator  depend? 

28.  What  is  the  use  of  an  exhaust  head  ? 

29.  A  hospital  ward  requires  60,000  cubic  feet  of  air  per 
hour  for  ventilation,  and  the  heat  loss  through  walls  and  windows 
is  140,000  B.  T.  U.  per  hour.     How  many  square  feet  of  indirect 
radiation  will  be  required  in  zero  weather? 

Ans.  491  sq.  ft 

30.  For  what  purpose  is  a  back-pressure  valve  used? 

31.  A  hospital  ward  is  warmed  by  direct  heat  and  it  is 
desired  to  add  ventilation  by  using  indirect  radiators  for  warming 
the  air  supply.     The  ward  has  20  occupants.     How  many  square 
feet  of   indirect  surface  will  be  required  when  it  is  10  degree? 
below  zero,  allowing  an  efficiency  of  660  ? 

Ans.  211  sq.  ft. 

32.  A  first  floor  class-room  in  a  high  school  had  40  pupils, 
how  many  square  feet  area  should  the  vent  flue  have  ? 

Ans.  5.8  sq.  ft. 

33.  A  private  grammar  school  room  having   15   pupils  is 
beated  by  direct  hot  water.     It  is  decided  to  increase  the  size  of 
boiler  and  introduce  ventilation  by  means  of  indirect  hot  water 
radiation.     How  many  more  square  feet  of  grate  surface  will  be 
required  in  the  new  boiler  for  zero  weather  ? 
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PART  III. 


1.  A  main  heater  contains  1,040  square  feet  of  heating  sur- 
face made  up  of  wrought  iron  pipe,  and  is  used  in  connection  with 
a  fan  which  delivers  528,000  cubic  feet  of  air   per   hour.     The 
heater  is  20  pipes  deep  and  has  a  free  area  between  the  pipes  of 
11  square  feet.     If  air  is  taken  at  zero,  to  what  temperature  will 
it  be  raised  with  steam  at  5  pounds  pressure  ? 

Ans.  140°. 

2.  A  nine-foot   fan   running   at   130  revolutions  delivers 
40,000  cubic  feet  of  air  per  minute.     If  the  fan  is  speeded  up  to 
169  revolutions,  and  an  electric  motor  substituted  for  the  engine, 
what  will  be  the  rating  of  the  required  motor? 

3.  What  precaution  must  be  taken  in  connecting  the  radi- 
ators in  tali  buildings. 

4.  Give  the  size  of  heater  from  Table  II,  which  will  be 
required  to  raise  672,000  cubic  feet  of  air  per  hour,  from  10°  be- 
low zero  to  90°,  with  a  steam  pressure  of  20  pounds.     If  the  air 
quantity  is  raised  to  840,000  cubic  feet  per  hour  through  the  same 
heater,  what  will  be  the  resulting  temperature  with  all  other  con- 
ditions the  same  ? 

Ans.  85.5°. 

5.  A  fan  running  at  150  revolutions  produced  a  pressure 
of  £  ounce.     If  the  speed  is  increased  to  210  revolutions,  what 
will  be  the  resulting  pressure  ? 

6.  A  certain  fan  is  delivering  12,000  cubic  feet  of  air  per 
minute,  at  a  speed  of  200  revolutions.     It  is  desired  to  increase 
the  amount  to  18,000  cubic    feet.     What   will    be   the  required 
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speed?     If  the  original  power  required  to  run  the  fan  was  4  H.  P., 
what  will  be  the  final  power  due  to  the  increased  speed  ? 

7.  What  size  fan  will  be  required  to  supply  a  schoolhouae 
having  300  pupils,  if  each  is  to  be  provided  with  3,000  cubic  feet 
of  air  per  hour?     What  speed  of  fan  will  be  required,  and  what 
H.  P.  of  engine? 

8.  What  advantages  has  the  plenum  method  of  ventilation 
over  the  exhaust  method  ? 

9.  A  church  is  to  be  warmed  and  ventilated  by  means  of  a 
fan   and  heater.      The  air  supply  is  to  be  300,000  cubic  feet 
per  hour.     The  heat  loss  through  walls  and  windows  is  200,000 
B.  T.  U.,  when  it  is  10°  below  zero.     How  many  square  feet  of 
heating  surface  will  be  required,  and  how  many  rows  of  pipe  deep 
must  the  heater  be  with  steam  at  5  pounds  pressure  ? 

Ans.  14  rows. 

10.  A  schoolhouse  requiring  600,000  cubic  feet  of  air  per 
hour  is  to  be  supplied  with  a  cast  iron  sectional  heater.     How 
many  square  feet  of  radiating  surface  will  be  required  to  raise  the 
air  from  10°  below  zero  to  70°  above,  with  a  steam  pressure  of  20 
pounds  ? 

Ans.  528  square  feet. 

11.  What  velocities    of     air-flow   in    the    main    duct   and 
branches  are  commonly  used  in  connection  with  a  fan  system  ? 

12.  A  main  heater  is  to  be  designed  for  use  in  connection 
with  a  fan.     How  many  square  feet  of  radiation  will  be  required 
to  warm  1,000,000  cubic  feet  of  air  per  hour,  from  a  temperature 
of  10°  below  zero  to  70°  above,  with   a   steam  pressure    of  20 
pounds  and  a  velocity  of  800  feet  per  minute  between  the  pipes  of 
the  heater  ?     How  many  rows  of  pipe  deep  must  the  heater  be  ? 

Ans.  882  square  feet. 

13.  State  in  a  brief  manner  the  essential  parts  of  a  system 
of  automatic  temperature  control. 

14.  What  advantage  does  an  indirect  steam  heating  system 
have  over  furnace  heating  in  schoolhouse  work  ? 

15.  The  air  in  a  restaurant  kitchen  is  to  be  changed  every 
10  minutes  by  means  of  a  disc  fan.     The  room  is  20  X  30  X  10. 
Give  size  and  speed  of  fan  and  H.  P.  of  motor. 


REVIEW    QUESTIONS 

ON    THE    SUBJECT    OF 

PLUMBING. 

PART    I. 


1.  What  causes  a  trap  to  "siphon,"  and  in  what  three  ways 
may  it  be  prevented  ? 

2.  What  size  of  soil  pipe  should  be  used  for  an  ordinary- 
sized  dwelling,  and  what  pitch  should  be  given  to  the  horizontal 
portion  ? 

3.  What  quantity  of  water  per  capita  should  be  allowed  in 
designing  a  sewerage  system? 

4.  What  form  of  cross-section  of  conduit  gives  a  maximum 
velocity  of  flow  to  small  quantities  of  sewage  ? 

5.  Describe  the  manner  of  making  house  connections  with 
the  main  sewer. 

6.  Show  by  sketch  the   general  method    of  running  the 
waste  and  vent  pipes  in  a  dwelling  house,  and  indicate  the  proper 
location  of  traps. 

7.  What  are  the  two  principal  methods  of  sewage  purifi- 
cation ? 

8.  Describe  the  method  of  making  up  the  joints  in  cast 
iron  soil  pipe. 

9.  In  what  way  may  the  seal  of  a  trap  be  broken  besides 
siphonage  ? 

10.     What  two  tests  are  usually  given  to  a  system  of  plumb- 
ing?    State  the  use  of  each. 
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11.  What   grade    should    be    given    to    main   sewers   and 
branches  ? 

12.  Give  two  methods  of  flushing  sewers. 

13.  Describe  briefly  some  of  the  usual  arrangements  in  the 
plumbing  of  hotels. 

14.  What  is  sewage  farming  ?     Describe  the  process  briefly. 

15.  What  is  the  difference  between  a  "  cup  joint "  and  a 
"wipe  joint?"     State  the  conditions  under  which  you  would  use 
each. 

16.  What  is  the  use  of  a  fresh-air  inlet  in  connection  with 
a  soil  pipe,  and  how  is  it  connected? 

17.  Describe  the  "  Smoke  Test." 

18.  Should  a  trap  or  fixture   be  vented  into  a  chimney  ? 
Give  the  reasons  for  your  answer. 

19.  What  material  is  commonly  used  for  sewer  pipes  of 
different  sizes  ? 

20.  When  are  underdrains  required  and  how  are  they  con- 
structed ? 

21.  What   precautions  should   be    taken   in   back  venting 
traps  ? 

22.  What  chemicals  are  commonly  used  in  the  precipitation 
of  sewage  ? 

23.  How  should  you  connect   a   lead  pipe  with  a  cast  or 
wrought  iron  pipe  ? 

24.  Define   the    "  separate "   and    "  combined "  systems   of 
sewerage. 

25.  What  is  the  principal  point  to  be  observed  in  the  dis- 
posal of  sewage  ?     What  precautions  should  be  taken  when  it  is 
discharged  into  a  stream  ? 

26.  What  is  the  sedimentation  process  ? 

27.  What   precautions  should  be  taken  in  locating  a  cess- 
pool?    Describe  briefly  one  form  of  construction. 

28.  Name  some  of  the  most  important  data  to  be  obtained 
before  laying  out  a  system  of  sewerage. 

29.  In  designing  a  system  of  surface  drains  what  maximum 
conditions  should  be  provided  for? 

30.  Under  what  conditions  may  sub-surface   irrigation  be 
used  to  advantage  ? 


REVIEW    QUESTIONS 

O  N    T  H  E    STT  EJECT    OF 

PLUMBING. 

PART    II. 


1.  A  hotel  requires  a  water  supply  of  200  gallons  of  water 
per   minute  during  a  certain  part  of   the  day.      It  receives  its 
supply  from  a  reservoir  1,000  feet  distant,  and  located  116  feet 
above  the  house  tank,  in  the  attic  of  the  building.     What  size  of 
wrought-iron  pipe  will  be  required  to  bring  the  water  from  the 
reservoir  ? 

Ans.  3  inch. 

2.  What  is  the  best  kind  of  pipe  for  domestic  water  supply 
under  ordinary  conditions  ?     When  may  it  be  objectionable  ? 

3.  A  1-inch  pipe  is  to  discharge  40  gallons  of  water  per 
minute  from  a  cistern  placed  directly  above  it.     What  must  be 
the  elevation  if  we  assume  the  friction  in  the  pipe  and  bends  to 
be  equivalent  to  100  feet? 

Ans.  Ill  feet. 

4.  A  house  tank  is  situated  15  feet  above  a  faucet  upon 
the  fifth  floor  of  the  building.     If  the  stories  are  8  feet  high,  what 
will    be  the  difference  in    pressure  in  pounds  per  square  inch 
between  this  faucet  and  one  in  the  basement? 

Ans.  17.3  pounds. 

5.  Describe  the  action  of  an  hydraulic  ram. 

6.  A  pump  has  a  steam  cylinder  6  inches  in  diameter  and 
a  water  cylinder  5  inches  in  diameter.     What  steam  pressure  will 
be  required  to  raise  water  to  an  elevation  of  135  feet,  neglecting 
friction  in  the  pipe  ? 

Ans.  40.3  pounds. 
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7.  Explain  the  action  of  the  ordinary  kitchen  boiler,  to- 
gether with  the  method  of  making  the  connections. 

8.  What  pressure  per  square  inch  will  be  required  to  dis- 
charge 200  gallons  per  minute  through  a  horizontal  pipe  2^  inches 
in  diameter  and  300  feet  long  ?     How  many  feet  head  ? 

.         (37.4  pounds. 
Ans"  j  87  feet  head. 

9.  What  ies  the  difference  between  a  "  lift  pump"  and  a 
"  suction  pump  "  ?     Describe  the  action  of  a  "  deep  well  "  pump. 

10.  What  is  the  greatest  depth  at  which  a  suction  pump  will 
operate?     Why? 

11.  What   two    systems    of    water   supply   are    commonly 
employed  ? 

12.  A  storage  tank  is  10  feet  in  diameter  and  8  feet  high. 
How  many  gallons  will  it  hold? 

Ans.  4700  gallons, 

13.  A  wooden  cistern  is  5  feet  wide,  6  feet  deep  and  10  feet 
long.     It  is  desired  to  replace  it  with  a  tank  which  shall  be  8 
feet   in  diameter.      What  would  be  the  required  height  of  the 
tank?     What  will  be  the  weight  of  the  water  contained  in  the 
tank? 

.        (  5.9+feet. 
3'  |  1,8759  pounds. 

14.  A  2-inch  pipe  is  used  for  conducting  water  to  a  house 
from  a  spring  400  feet  away.     If  the  cistern  in  the  house  is  50 
feet  below  the  level  of  the  spring,  how  many  gallons  of  water  will 
flow  through  the  pipe  per  min.? 

Ans.  75  gallons. 

15.  What  are  the  principal  causes  of  accidents  in  connection 
with  a  kitchen  boiler,  and  what  precautions  should  be  taken  to 
prevent  them  ? 

16.  A  swimming  tank  is  supplied  with  hot  water  through  a 
hot-water  heater  similar  to  a  house  heater.     How  many  square 
feet  of  grate  surface  will  be  required  to  raise  1,000  gallons  of 
water  per  hour  from  a  temperature  of  50  to  70  degrees  ? 

Ans.  4.15  square  feet. 

17.  What   are  circulation  pipes  when   used  in   connection 
with  a  hot-water  supply  system,  and  how  are  they  connected  ? 
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V, 
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31 
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VIII, 

61 
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VII, 
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IV, 
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Architectural  drawing 

Automatic  return  pipes 

X, 

132 

line  drawing 

VI, 

237 

Automatic  stop 

V. 

321 

character  of 

VI, 

237 

Axes,  importance  of  in  architec- 

colored 

VI, 

240 

tural  drawing 

VI. 

241 

shade 

VI. 

238 

measured  work 

VI, 

289 

Back  plaster 

I, 

44 

modeling  an 

VI, 

248 

Back  venting 

X, 

229 

oblique  projections 

VI. 

246 

Backed,  definition  of 

III. 

277 

rendering  in  wash 

VI. 

257 

Backing 

Ill, 

316 

review  questions 

VI, 

293 

definition  of 

III, 

277 

Architectural  lettering 

VI,      177-226 

Backing  of 

plates 

VI,      225 

,  226 

hip  rafters 

II, 

112 

Architecture 

valley  rafters 

II. 

115 

classical 

VII, 

254 

Back-pressure  valve 

X, 

130 

definition  of 

VII, 

247 

Balconies 

II, 

130 

of  the  Romans 

VIII, 

165 

Balloon  frame 

II, 

49 

Architrave              I.  81  ;  VIII,  35,  62  ,  IX, 

280 

Band  ornament 

VIII, 

74 

definition  of 

VII. 

251 

Bankruptcy  and  insolvency 

I, 

337 

Argand  burner 

X, 

298 

Bare  wires 

IV, 

218 

Argillaceous  stones 

III, 

216 

Barrel  vaults 

II, 

147 

Arris,  definition  of 

III. 

277 

Barrels  of  Portland  cement  per  cu. 

Artificial  stones 

Ill, 

218 

yd.  of  mortar,  table 

IV, 

31 

Artificial  water  line 

IV, 

154 

Base,  details  of 

V, 

236 

Ash 

II. 

23 

Basement  plan 

VI, 

324 

Ashlar  backed  with  rubble 

Ill, 

296 

Bases 

Ashlar  masonry 
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293 

Attic 

VIII, 

85 

bond  of 

Ill, 

294 

Ionic 

VIII, 

85 

mortar 

III, 

293 

Basilica 

VIII, 

178 

stones 

III, 

293 

Bath  tubs 

X, 

201 

Asphaltic  concrete 

III. 

251 

Bathroom,  design  of 

VI, 

312 

Aspirating  heaters  and  coils 

IV, 

165 

Baths  of  Diocletian,  Rome       VIII 

,   181, 
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VI, 

158 
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III, 

277 
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VIII, 

69 
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298 

Atmosphere 
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V, 

195 
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X, 

25 
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III, 

277 
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27 
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II, 

118 
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26 
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VIII, 

79 
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Attic  and  roof  plan 

VI, 

329 
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V. 

105 
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VIII, 

85 

Beam  compasses 

VI, 

29 
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II, 

116 
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VII, 

105 
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III, 

75 
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VII, 
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III, 
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IV, 
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Board  measure,  table 

II, 

253 

cantilever 

in, 

29 

Boiler  connections                  IV,  140;   X, 

82 

continuous 

in, 

26 

Boiler  fittings 

IV, 

142 

deflection  of 

in. 

126 

Boiler  stacks 

IX, 

189 

determination  of  reactions  on 

in, 

29 

Boiler  trimmings 

IV, 

142 

for  floor 

V, 

16 

Boilers,  capacity  of 

IV, 

142 

kinds  of 

in. 

91 

Boilers  for  laundry 

X, 

283 

lateral  deflection  of 

V. 

36 

Bolts  and  nuts  of  electrical  connec- 

loads on 

Ill, 

62 

tions 

IV, 

206 

problems  on 

V, 

109 

Bond,  definition  of 

III, 

278 

resisting  shear  of 

III, 

85 

Bond  required  in  bars,  computa-' 

restrained 

III, 

29 

tion  of 

IV. 

84 

safe  load  of 

III, 

83 

Bonding  old  and  new  concrete 

IV, 

44 

simple 

III, 

29 

Bow  pen 

VI, 

24 

spandrel 

V, 

13 

Bow  pencil 

VI, 

24 

stiffness  of 

III, 

122 

Box  culverts 

III, 

325 

strength  of 

III, 

62 

Brace  bender 

IX. 

286 

stresses  at  cross-section 

III, 

65 

Braced  frame 

II, 

48 

Beams  and  girders 

V, 

99 

Braces 

II, 

56 

loads 

V, 

99 

Bracing  trusses 

V, 

130 

determination  of 

V, 

99 

Brake 

IX, 

286 

distribution  of 

V. 

100 

elevator 

V. 

320 

Bearing  blocks,  definition  of 

III. 

277 

Brass  pipes 

I, 

61 

Bearing  partitions 

V. 

14 

for  hot  water 

X, 

266 

Bearing  power  of  soils 

V, 

159 

Breaking  loads  of  hollow  tile  arches, 

table 

III, 

268 

table 

V, 

87 

Bearing  strength  of  plate 

III, 

131 

Breast  wall,  definition  of 

III. 

279 

Bearing  value  of  rivets 

V, 

206 

Bremer  arc  lamp 

IV. 

305 

Bearings  of  dynamo 

IV. 

207 

Brewing  kettle 

IX, 

187 

Bed-mould 

IX, 

280 

Brick 

III. 

218 

Belt  stones  or  courses,  definition  of 

III, 

278 

classification  of 

III. 

221 

Bending,  splices  for    . 

II. 

47 

form  or  use 

III. 

222 

Bending  moment 

Ill, 

42 

method  of  moulding 

Ill, 

221 

maximum 

III 

50 

position  in  kiln 

III. 

221 

notation  for 

III, 

43 

color  of 

Ill, 

220 

Bending  moment  unit 

III, 

43 

kinds  of 

Bevels  to  square  the  wreaths 

II, 

212 

arch 

III, 

222 

Bibliography                                VIII 
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clinker 

III, 

222 

Birch 

II, 

24 

compass 

III, 

222 

Black  prints,  formula  for 

VI, 

159 

face 

III, 

222 

Black  walnut 

II, 

26 

feather-edge 

III, 

222 

Bunds 

I, 

303 

hard 

III. 

222 

Blocking  course,  definition  of 

III, 

278 

hard  kiln-run 

Ill,' 

222 

Blow-off  tank 

X, 

82 

kiln-run 

III, 

222 

Blue-print  solution,  formula  for 

VI, 

159 

machine-made 

III, 

221 

Blue  printing                                  VI, 

157, 

317 

pressed 

III, 

221 
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25 
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III. 

221 

maple 
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sanded 

Ill, 

221 

oak 

II, 

25 

sewer 

III, 

222 

poplar 

II, 

25 

soft 

III, 

222 

sycamore 

II. 

26 

soft-mud 

III, 

221 

Broken  ashlar  masonry 

III. 

295 

stiff-mud 

III, 

221 

Broken  straight-line  formula  for 

manufacture  of 

III, 

220 

columns 

Ill, 

113 

drying  and  burning 

III, 

220 

Brush,  handling  of 

VI, 

262 

excavation  of  clay 

III. 

220 

Buckled  plates 

V, 

23 

preparation  of  clay 

Ill, 

220 

Build,   definition  of 

III, 

279 

rank  of 

III, 

222 

Building 

Brick  arches 

III, 

317 

floors 

II, 

69 

Brick  ashlar,  definition  of 

III, 

279 

laying  out 

II, 

31 

Brick  laying 

I, 

114 

light  f  raming 

II, 

35 

Brick  masonry 

III, 

298 

partitions 

II, 

62 

impervious  to  water 

'     III, 

301 

roof 

II, 

87 

rules  for  building 

III, 

298 

shrinkage  and  settlement  of 

II, 

68 

Brick  veneer 

I, 

125 

wall 

II, 

48 

Bricks 

I, 

119 

Building,  structural  elements  of 

V, 

11 

sizes  of 

I, 

120 

bearing  partitions 

V, 

14 

Brickwork 

I. 

296 

enclosing  walls 

V, 

11 

estimating 

II. 

247 

floors 

V, 

16 

freezing  of 

I. 

120 

roof 

V, 

16 

Brickwork  and  cut  stone  walls 

I, 

113 

Building  a  house 

VI, 

313 

arches 

I, 

121 

blue-printing 

VI. 

317 

bonding 

I.. 

117 

full-size  details 

VI, 

315 

joints 

I, 

116 

letting  the  contract 

VI, 

317 

laying 

I, 

114 

sketches 

VI, 

313 

mortar 

I, 

122 

tracing 

VI 

317 

thickness  of 

I. 

114 

working'drawings 

VI. 

314 

Bridge  abutments 

III. 

320 

Building  laws 

V, 

52 

Bridge  joint 

II. 

39 

table 

V, 

52 

Bridge  piers 

Ill, 

323 

Building  specifications 

V, 

52 

Bridging                                  I. 

36;  II,  64, 

82 

Building  stone  requisites 

III, 

216 

Briquette,  form  of 

IV, 

20 

appearance 

III, 

217 

Broad-leaved  trees 

II,   12, 

23 

cheapness 

III, 

217 

ash 

II. 

23 

durability 

III, 

216 

beech 

II, 

23 

strength 

III, 

217 

birch 

II, 

24 

Building  superintendence 

I,  11-204 

black  walnut 

II, 

26 

condition  of  soil 

, 

15 

butternut 

II, 

24 

confidence  in  decisions 

, 

13 

cherry 

II, 

24 

description  of  house 

20 

chestnut 

II, 

24 

drawings,  understanding  of 

13 

elm 

II, 

24 

drawings  for  contract 

20 
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Building  superintendence 

Capital  letters 

VI, 

32 

familiarity  with  site 

, 

12 

Carbon-feed  lamps 

IV, 

293 

lathing 

, 

55 

Carbonic  acid  gas 

X, 

27 

plastering 

57 

Carbons  of  arc  lamps 

IV, 

297 

rejection  of  materials 

14 

Carcel  lamp 

IV, 

335 

relations  with  owner  and  con- 

Carpenter work 

I,  240, 

299 

tractor 

12 

Carpentry 

II,   11-150 

selection  of  site 

15 

estimating 

II, 

252 

space  for  materials 

22 

Carpentry  construction 

I, 

241 

staking  out 

21 

canvas 

I, 

243 

systematic  plan  of  supervision 

14 

finish  lumber 

I, 

242 

Buildings,  designing  of 

VII, 

247 

finished  floors 

I, 

242 

Buildings  for  offices 

VI, 

318 

glass 

I. 

245 

Bullnose  tread 

ii, 

181 

gutters  and  conductors 

I, 

244 

Built-up    sections,     moment    of 

hardware 

I, 

243 

inertia 

in, 

59 

hardwood  doors 

I, 

242 

Bunsen  burner 

X, 

299 

joists 

I, 

241 

Burners 

X, 

297 

lining  floors 

I, 

242 

Argand 

X, 

298 

mantels 

I, 

243 

bat's-  wing 

X, 

298 

paint 

I, 

245 

Bunsen 

X, 

299 

plastering 

I, 

244 

regenerative 

X, 

299 

roof 

I, 

243 

single-jet 

X, 

297 

sash 

I, 

242 

union-jet 

X, 

298 

studs 

I, 

242 

Bushings 

IV, 

250 

trimmers 

I, 

241 

Butler's  pantry,  design  of 

VI, 

311 

Cam"  age  of  a  stair 

II, 

190 

Butt  joint                                 II,   37 

;  in. 

130 

Caryatid  order 

VIII, 

35 

Butternut 

ii. 

24 

Caryatids 

VIII, 

134 

Buttress,  definition  of 

in. 

279 

Casings  for  indirect  steam  heating 

X, 

85 

Cast-iron  columns 

V, 

127 

Cables 

Y. 

360 

Cast-iron  radiators 

X, 

60 

Caisson  foundations 

V, 

155 

Castor  and  Pollux,  temple  of 

VIII, 

228 

Calcareous  stones 

III, 

216 

Catacombs  of  Beni-Hassan 

VIII, 

45 

Calculations  for  beams 

v. 

105 

Catch-basin 

X, 

251 

Camber,  definition  of 

III. 

311 

Cavetto  moulding 

IX, 

289 

Camera  vs.  eye  representation 

VII, 

12 

Cedar 

II, 

20 

Cantilever  beam 

III, 

29 

Cedar  poles  for  electric  light  work, 

Cantilever  foundations 

V, 

164 

table 

IV, 

231 

Cap  details 

V, 

237 

Cellar,  design  of 

VI, 

312 

Cap  and  sole 

II. 

64 

Cellar  walls 

1,27, 

30 

Capital 

Cellar  work  and  foundations 

I, 

23 

Corinthian 

VIII, 

117 

cesspool 

I, 

24 

decorated  loaic 

VIII, 

98 

leaching 

I, 

24 

Greek  Doric 

VIII, 

61 

tight 

I, 

25 

Ionic                          VII.  280; 

VIII. 

89 

drains 

I, 

24 

plain  Ionic 

VIII, 

92 

dry  wells 

I, 

26 
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Cellar  work  and  foundations 

Cementing  materials 

underpinning 

I, 

32 

classification 

III, 

225 

walls 

I, 

27,30 

composition 

III, 

225 

Cement                                     I,  218,  295  ;  IV,  1  1 

use 

III. 

227 

fineness  of 

I, 

219 

Center  of  gravity 

Ill, 

51 

kinds  of 

of  an  area 

III, 

51 

natural 

III, 

228 

of  built-up  sections 

III, 

54 

Portland 

III, 

229 

table 

III. 

62 

quick  and  slow  setting 

III, 

233 

Cesspools                                      I, 

24;  X, 

225 

Rosendale 

III. 

228 

Channels,  characteristic  of  shapes 

V. 

19 

memoranda 

Ill, 

239 

Character  of  Roman  architecture 

VIII. 

178 

miscellaneous 

III. 

240 

Checks 

II. 

16 

pozzuolanos 

Ill, 

241 

Cherry 

II. 

24 

Roman 

III, 

241 

Chestnut 

II. 

24 

slag 

III, 

240 

Chimney  flues 

X, 

46 

moulds  for 

IV, 

20 

Chimneys 

I,  42,297 

non-staining 

I, 

221 

Chisel  dogs 

V, 

356 

preservation  of 

III, 

240 

Choosing  the  sections 

V. 

304 

sampling 

III, 

231 

Choragic  monument  of  Lysicrates 

VIII, 

122 

soundness  of 

I. 

220 

Chord,  definition  of 

VI, 

59 

testing  of  for 

Ill, 

230 

Chute,  curved  rectangular 

IX, 

154 

activity 

III, 

232 

Circles 

age  of  briquette 

III, 

237 

definition  of 

VI, 

59 

color 

III, 

231 

drawing  of 

VII, 

20 

fineness 

III, 

232 

Circuit  breakers  and  fuses 

IV, 

202 

soundness 

III, 

234 

Circuit  mains,  sizes  of,  table 

IV. 

150 

strength 

III, 

236 

Circuits,  battery 

IV, 

271 

weight 

III, 

231 

Circular  stairs 

II. 

177 

Cement  mortar 

III, 

243 

Circulation  coils 

X, 

61 

Cement  testing 

IV. 

11 

Cistern  capacity,  table 

X, 

271 

chemical  analysis 

IV 

12 

Cisterns 

X, 

269 

constancy  of  volume 

IV 

22 

City  buildings 

I, 

105 

fineness 

IV 

14 

areas  and  vaults 

I, 

112 

form  of  briquette 

IV, 

20 

dampness,  protection  against 

I, 

113 

machines  for 

IV, 

23 

derrick  stones 

I. 

111 

mixing 

IV, 

20 

footing  stones  and  concrete 

I. 

108 

moulding 

IV 

21 

pile  foundations 

I, 

107 

moulds 

IV. 

20 

soil 

I. 

106 

normal  consistency 

IV, 

15 

walls 

I, 

105 

sampling 

IV 

12 

foundation 

I, 

110 

specific  gravity 

IV 

13 

party 

I, 

105 

standard  sand 

IV, 

19 

rubble 

\ 

110 

storage  of  test  pieces 

IV, 

21 

thickness  of 

I, 

112 

tensile  strength 

IV. 

22 

Clapboarding 

I, 

54 

time  of  setting 

IV, 

17 

Classic  Roman  Corinthian  order 

VIII. 

223 

Cementing  materials 

III. 

225 

Classic  Roman  Doric  order 

VIII, 

199 
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development  and  use  of 
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213 
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VI, 

345 

examples  of 
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219 

porch 

VI, 

353 

Classic  Roman  letters 

VI. 
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VI, 

329 

Classical  architecture 

VII. 

254 

framing  of 

VI, 

341 

Classical  mouldings 

VII. 

253 

sketches 

VI, 

319 

Clay 

III. 

252 

useful  memoranda 

VI, 

320 

Clay  puddle 

Ill, 

252 

window  frames 

VI, 

347 

Cleaning  down,  definition  of 

III, 

279 

Colonnade,  definition  of 

VII. 

321 

Cleavage  of  timber 

II. 

27 

Colored  lines 

VI. 

240 

Clevis  nuts 

V, 

193 

Colors 

Closers,  definition  of 

III, 

279 

combination  of 

VI. 

278 

Closets,  design  of 

VI. 

312 
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I. 

68 
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VI, 

281 
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III. 

123 
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table 
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Colosseum 

VIII, 
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III, 
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35 

floors 

V, 

79 

Colander,  pattern  for 

IX. 

46 

Column 

VIII, 

35 

Cold-air  box 

x, 

47 

cast-iron 

V, 

127 

Cold-air  ducts 

X. 

94 

classes  of 

III, 

98 

Cold-water  supply 

X, 

270 

concrete  and  steel 

V, 

128 

Collar  beam 

II. 

92 

cross-sections  of 

III, 

98 

Colonial  colors 

I. 

96 

definition  of 

VII, 
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VI. 

319 
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VI. 

345 
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IV, 
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conditions 
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319 
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III, 
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97 
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45 

first-floor 
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335 
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45 

roof 
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second-floor 

VI, 

335 

interior 
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14 
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329 
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detail  of 
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116 
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345 

practical  considerations 
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mam  cornice  and  dormer 

VI, 

345 

problems  in 
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pantry 
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345 

Roman 
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320 

square  ends 
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329 
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basement 
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sand  for  IV,  24 
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dry  IV,  41 
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economy  of  IV,  61 
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III, 
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IX 

,      286 

fine  pointed 

III, 

290 

brake 

IX 

,      286 

patent  hammered 

III, 

291 

crimping  machine 

IX 

,      286 

rough  pointed 

III, 

290 

draw-bench 

IX 

.     286 

tooth  axed 

III, 

291 

punching  machine 

IX 

,      286 

Cutwater  or  starling,  definition  of 

III, 

281 

slitting  shears 

IX 

,      286 

Cycloid 

VI, 

67 

squaring  shears 

IX 

,      286 

Cylinder  and  octagonal  prism,  in- 

Corona                                              VIII, 

66,70 

tersection  of 

IX, 

65 

Corrosion  of  steel 

V 

,        94 

Cylinders 

Corrugated  iron 

V 

23 

definition  of 

VI, 

63 

Corrugated  roofing 

IX 

,      262 

development  of                        IX,  14, 

71 

laying  of 

IX 

,      265 

drawing 

VII, 

30 

Corrugated  sheets,  measurements 

intersection  of 

IX, 

69 

of,  table 

IX 

,      264 

Cylindrical  vault 

II, 

147 

Corrugated  siding 

IX 

,      262 

Cyma 

VIII. 

69 

laying  of 

IX 

,     270 

Cyma  moulding 

VIII, 

70 

Counterbalancing 

V 

,      358 

Cyma  reverse  moulding 

IX, 

289 

Counterfort,  definition  of 

III 

,      280 

Cypress 

II, 

21 

Couple 
Course,  definition  of 
Cove  moulding                   VIII,  70; 
Cover  angles 
Cover  plates 
Cramps,  definition  of 
Crimping  machine 
Crippling  of  web 

III 
III 

IX 

v 

ill 
III 

IX 

v 

,      188 
,      280 
,      289 
21 
,      130 
,      280 
,      286 
.      267 

Damper  regulators 
Dampers,  indirect  steam  heating 
Dates  and  column  dimensions  of 
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Datum  lines 
Dead-load  stress 
Decorated  Ionic  capital 
Deflection 

X, 
X, 

VIII, 
VI, 

III, 

VIII, 

v, 

136 

87 

53 
289 
203 
98 
33 

Cross-arms 

IV 

,      231 

of  beams 

III, 

126 

Crosshatching 

VII 

44 

•y 

OQ 

Crown,  definition  of 

III 

,      311 

lateral 

JSv 

vertical 

v, 

29 

Crown-mould 

IX 

,      280 

Deformation 

III, 

14 

Crowning 

II 

81 

Hooke's  law  of 

III, 

15 

Crystal  plate  glass 

I 

,      102 

non-elastic 

III, 

129 

Cubical  contents,  definition  of 

11 

,      234 

Denticular  order 

VII, 

262 

Cull  poles 

IV 

,      229 

Dentil  course 

IX, 

280 

Culverts 

III 

325 

Curtain  walls 

V 

12 

DeptlTof  keystone  for  semicircular 
arches,  table 

III, 

313 

Curved  elbows 

IX 

,      185 

Derivation  of  Doric  order  from 

Curved  hip  rafters 

II 

,      110 

wooden  construction 

VIII, 

53 

Curves  in  perspective 

VII 

,      147 

Design 

Cut-out  cabinets 

IV 

,     261 

practical  problems  in 

VI, 

305 

Cut-outs,  automatic 

IV 

,     250 

theory  of 

VI, 

305 

Cut  stone,  finishing  faces  of 

III 

,      290 

composition 

VI. 

305 

axed 

III 

,      291 

criticism 

VI, 

308 

bush  hammered 

III 

,      292 

ornament 

VI. 

308 
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dining  room 

VI,      311        Diir 

hallway 

VI,     309       Diir 

kitchen 

VI,     311 

lavatory 

VI,      312        Din' 

living  rooms 

VI,     310"     Din 

refrigerator 

VI,     311 
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VI,     310 
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VI,      310 

storeroom 
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Design  of  sewerage  system 
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Design  of  timber  teams 

III,        88 

Designing  of  buildings 

VII,      247 

Detail 

effect  of  changes  hi 

V.      152 

illustrations  of 

V,     213       Dirt 

use  of  in  work 

V,      152 

Detail  dra  wings,  definition  of 

IX,     283 

Detail  shop  drawings,  use  of 

V,      146 

Determination  of  loads  of  trusses 
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IX,       13       Dog 
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Developments 
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approximate 
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IX,       75       Doo 

Diagonals,  stress  in 
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Diagrams 

Dor 

moment 
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stress 
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Diameter,  definition  of 
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Direct  hot-water  heating 

expansion  tank 

fittings 

overhead  distribution 

pipe  connections 
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radiators,  efficiency  of 

valves 
Direct  steam  heating 

cast-iron  radiators 

circulation  coils 

pipe  radiators 

Direct-current  3- wire  system 
Direct-indirect  radiators 
Disposition  of  triglyphs  hi  the  friezeVIII, 
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Distinction  between  different  planes   VI, 
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Distributing  valves 
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Ditriglyphic  intercolumniation 
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Domestic  water  supply 
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147 

VI, 

23 

II, 

177 

II, 

141 

X, 

259 

I, 

302 

VIII, 

.258 

VIII, 

55 

VIII, 

147 

Note. — For  page  numbers  see  foot  of  pages. 


342 


INDEX 

Part  Page 

13 

Part  Page 

Doric  order 
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46 

pretation    of 
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forms  of 

VIII, 

212 

Drift  pins 

V, 

192 

soffit  of 

VII, 

273 

Drip  pan,  pattern  for 

IX, 

31 

Doric  pilasters 

VIII. 

155 

Drips 

IX, 

280 

Dormer  windows 

II, 

96 

Dry  batteries 

IV, 

270 

Double-carbon  lamps 

IV, 

293 

Dry  rot 

II. 

15 

Double-pitch  skylight 

IX, 

222 

Dry  stone  walls,  definition  of 

III.- 

281 

Double-riveted  joint 

III, 

130 

Dry  wells 

I, 

26 

Double  tenon  joint 

II, 

42 

Ducts  and  flues 

IV. 

196 

Dowels,  definition  of 

III, 

281 

areas  of                                   IV 

.  165, 

196 

Drainage  of  arch  bridges 

III, 

317 

flue  velocities 

IV. 

197 

Draining  mains  and  risers 

IV, 

153 

Dwarf  walls 

II. 

92 

pipe  sizes  for 

IV.  155, 

157 

Dynamo 

Drains 

I, 

2£ 

bearings 

IV. 

207 

Draw-bench 

IX, 

286 

belts  for 

IV. 

206 

Dra-wing 

care  of 

IV. 

205 

circles 

VII, 

20 

installing  of 

IV, 

201 

definition  of 

VII, 

11 

name-plates 

IV, 

202 

ellipses 

VII. 

20 

starting  up 

IV. 

207 

freehand 

VII. 

11 

testing  for  polarity- 

IV. 

208 

freehand  perspective 

VII, 

22 

waterproof  covers  for 

IV. 

202 

holding  the  pencil 

VII. 

18 

wiring  from 

IV, 

202 

learning  to  see 

VII, 

14 

light  and  shade 

VII,  15, 

40 

Early  Roman  Doric  order 

VIII, 

193 

form  drawing 

VII, 

40 

Eccentric  dogs 

V, 

353 

value  drawing 

VII, 

40 

Echinus 

VIII, 

61 

materials  for 

VII. 

16 

Echinus  moulding                  VIII,  70  ;  IX, 

289 

objects,  general  directions  for     VII, 

36 

Economical  depth  of  web 

V, 

266 

outline 

VII; 

14 

Economy  coils 

IV. 

263 

perspective 

VI. 

285 

Edged  plates 

V. 

21 

position  of  draftsman 

VII, 

19 

Effect  of  changes  in  detail 

V. 

152 

restraint  hi 

VII, 

13 

Efficiency  of  different  globe  com- 

straight lines 

VII, 

19 

binations,  table 

IV. 

322 

testing  by  measurement 
testing  with  the  slate 

VII, 
VII, 

37 
23 

Efficiency  of  furnace 
Efficiency  of  joint 
Efflorescence 

X, 

III, 
III, 

43 
134 
302 

traces  on  the  slate 

VII. 

22 

of  lime  and  cement 

I, 

127 

what  to  look  for 

VII, 

14 

Egg-and-dart  moulding 

VIII, 

79 

Drawing  board 

VI, 

13 

Elastic  limit 

III, 

15 

Drawing  paper                        VI, 

n;  vii, 

18 

Elasticity 

III, 

14 

Drawing  pen 

VI, 

24 

Elbows     %                                          IX,  104-120 

Drawing  pencils 

VII, 

16 

three-pieced 

IX, 

194 

Drawings 

Electric  arc 

IV. 

288 

exhibition 

VI, 

286 

Electric  bell 

uniform  titles  for 

VI. 

353 

outfit 

IV. 

268 
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IV  269 

IV,  265 
IV,  265-274 

IV,  271 

IV,  267 

IV,  267 

V,  339 

X,  174 

X.  175 


connections  for  X,  176 

construction  of  X,  175 

Electric  heating  X,  174 

cost  of  X.  177 

Electric  lighting  IV,  277-347 

classification  of  IV,  278 

history  and  development  IV,  277 

Electric  limit  switches  V.  349 

Electric  motors  X,  164 

Electric  piping  I,  201 

Electric  wiring  I,  49,  227;  IV,  201-264 

Electrical  inspection  IV,  264 

Electricity  for  heating  X,  24 

Elevation  measurements  VI,  290 

Elevations  VI,  320 

definition  of  VI,  241 ;  IX,  282 

front  VI,  239 

rendering  VI,  269 

side  VI.  329 

Elevators  V,  315-364 

accessories  V.  352 

air  cushions  V.  363 

automatic  stop  V,  321 

brakes  for  V.  320 

cables  V,  360 

chisel  dogs  V.  356 

counterbalancing  V,  353 

distributing  valves  V,  315 

eccentric  dogs  *    V,  353 

electric  V,  339 

Eraser  V.  351 

guide-ways  V,  352 

horizontal  hydraulic  V,  324 
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limit  switches  V,  349 

lubrication  of  cylinders  V,  335 

packing  V,  334 

pilot  valve  V,  329 

piston  packing  V,  334 

plunger  V,  332 

Pratt-Sprague  V,  350 

safety  governors  V,  354 

steam  V,  315 

two-way  valve  V,  328 

vertical  hydraulic  V,  329 

water  balance  V,  323 

worm  gearing  V,  323 
Ellipse 

actual  size  of  .       VI,  115 

definition  of  VI,  65 

drawing  of  VII,  20 

Elliptical  stairs  II,  177 

Elm  II,  24 

Enclosed  arc  lamp  data,  table               IV,  296 

Enclosed  direct-current  arc  lamps        IV,  295 

Enclosed  fuse  IV,  261 

Enclosing  walls  V,  11 

concrete  V,  14 

curtain  V,  12 

load-bearing  V,  11 

metal  V,  13 

self-supporting  V,  12 
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arches        V,  71 

Engineer's  relation  to  architect  V,  144 

English  candle  IV,  333 

Entablature  VIII,  35,  62 

divisions  of  VIII,  35 

architrave  VIII,  35 

cornice  VIII,  35 

epistyle  VIII,  35 

frieze  VIII,  35 

Roman  VIII,  188 

Entasis  VIII.  82 

of  column  II,  251;  VIII,  •  36 

of  Greek  column  VIII,  143 

of  Roman  column  VIII,  263 

Entrance  wires  IV,  221 
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Erechtheum  doorway 
Estimate  of  residence  at  Ridgedale, 
Mo. 

brickwork 
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concreting 

drains    • 

dry  wells 

electric  lighting  fixtures 

electric  wiring 

excavation 

general  summary 

hardware 

heating 


painting 
plastering 
plumbing 
schedules 
stairs 
stonework 
Estimating 

approximate 

brickwork 

carpentry 

electric  work 

excavation 

gas  fitting 

hardware 


items  to  be  considered 

painting 

piazzas  and  porches 

plastering 

plumbing 
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VIII. 

35 

by  quantities 

II, 

233 

V. 

47 

roofing 

II, 

270 

III. 

141 

rules 

II. 

235 

III. 

151 

by  the  square 

II, 

232 

III. 

154 

stairs 

II, 

262 

III. 

151 

stone  work 

II, 

243 

III. 

151 

tables 

II, 

235 

VI, 

14 

wages 

II. 

241 

VIII, 

107 

Estimating  cost  of  steel  work 

V, 

150 

VIII, 

139 

Evergreens 

II, 

20 

, 

Excavation 

t 

293 

II, 

292 

cellar  floor 

296 

II, 

297 

cement  coating 

, 

296 

II, 

303 

cesspool 

, 

296 

II. 

297 

dram  pipe 

296 

II. 

301 

estimating 

I  , 

242 

II. 

297 

site,  preparation  of 

, 

294 

II, 

297 

walls 

_ 

295 

II. 

326 

Exhaust  fans,  table 

x, 

173 

II, 

324 

Exhaust  head 

x, 

132 

II, 

292 

Exhaust-steam  heating     IV, 

166;X,  20, 

126 

II, 

328 

Exhaust  ventilation 

X. 

171 

II, 

314 

Exhibition  drawings 

VI, 

286 

II, 

321 

Expansion 

IV. 

159 

II. 

308 

amount  of 

IV. 

159 

II. 

327 

provision  for 

IV. 

160 

II. 

301 

of  risers 

IV, 

160 

II, 

323 

Exposure  factors,  table 

X. 

34 

II, 

330 

Express  contracts 

I, 

316 

II, 

312 

consent 

I. 

320 

II, 

294 

consideration 

I. 

322 

II, 

229-338 

legality  of  contract 

I. 

313 

II. 

231 

parties 

I, 

319 

II. 

247 

Exterior  Plastering 

I, 

58 

II, 

252 

Extrados,  definition  of 

III. 

311 

II. 

285 

Eye  bars 

V, 

194 

II. 

285 

Eye  and  camera 

VII. 

12 

II. 

285 

II, 

267 

Face,  definition  of 

III. 

281 

II. 

278 

Face-mould,  how  to  put  the  curves  on  II, 

220 

II 

,  229-231 

Factor  of  safety 

Ill,  18;  V, 

57 

II. 

276 

table 

III, 

20 

II, 

265 

Fan  capacity 

X, 

161 

II. 

273 

table 

X. 

163 

II. 

282 

Fan  engines 

x. 

163 
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Fascia  moulding 

VIII, 

69 

Fireproof  building             •     . 

Faucets 

X, 

218 

scagliola 

198 

Fiber  stresses 

III,  33, 

67 

side-method  arch 

, 

184 

Filament 

IV, 

279 

site 

174 

mounting 

IV, 

280 

stairs 

199 

preparation  of 

IV, 

279 

steel  and  iron  members,  inspec- 

Fillet moulding 

VIII, 

69 

tion  of 

192 

Fink  truss,  analysis  of 

II,  134;  III, 

202 

structure 

175 

Fire-brick 

III, 

224 

terra-cotta  covering 

192 

Fireplace 

terra-cotta  floor  arches 

, 

184 

building  of 

I, 

53 

wind  pressure,  provision  for 

191 

details  of 

VI, 

355 

window  frames 

198 

Fire  pot 

X, 

41 

Fireproof  floors 

Fireproof  building 

I, 

173 

Columbian  system. 

V, 

79 

caissons 

I, 

180 

Ransome  system 

V, 

80 

cantilever  foundations 

1, 

180 

Fireproof  materials 

V, 

69 

cement  coating 

I, 

183 

Fireproofing 

I, 

193 

columns 

I, 

176 

Fire-resisting  materials 

V, 

69 

painting  of 

I, 

183 

Fire-resisting  woods 

V, 

96 

protection  of 

I, 

193 

Fire  stops 

I, 

45 

completion 

I, 

204 

First  beam  formula 

III, 

71 

concrete  floors 

I, 

186 

First-floor  plan 

VI, 

324 

end-method  arch 

I, 

185 

Fitting-up  bolts 

V, 

192 

exterior  walls 

I, 

190 

Fixed  ends  column 

III, 

97 

fireprooflng 

I, 

193 

Fixture  wiring 

IV, 

247 

floor  construction 

I, 

183 

Fixtures 

I, 

310 

floor  tiles,  setting 

I, 

185 

plumbing 

X, 

201 

girders 

I, 

181 

Flange,  tapering 

IX. 

169 

connections  of 

I, 

182 

Flange  plate,  cutting  off 

V, 

273 

protection  of 

I. 

194 

Flange  rivets,  spacing  of 

V, 

276 

grillage 

I. 

178 

Flange  splices 

V. 

278 

hard  plaster 

I. 

197 

Flanges,  proportioning 

V, 

264 

heating  system 

I, 

202 

.  Flanges  and  web,  functions  of 

V, 

263 

height  of 

I, 

174 

Flashing                                      I  147;  IV, 

280 

interior  finish 

I,   199, 

203 

Flat  arches 

III, 

317 

Keene's  cement 

I, 

198 

Flat  ends  column 

III, 

97 

lavatory  fittings 

I, 

203 

Flat  extension  skylight 

IX. 

222 

metal  lath  partitions 

I, 

195 

Flat-seam  roofing 

IX, 

247 

metal  lathing 

I, 

196 

covering  conical  tower 

IX, 

254 

painting 

I, 

203 

table 

IX. 

239 

partition  blocks 

I, 

194 

Flexible  cord 

IV, 

248 

partitions 

I, 

194 

Flexibility  of  timber 

II, 

27 

pipes  and  conduits 

I, 

200 

Flexural  stress 

III.  . 

91 

preliminary  work 

I, 

174 

Flexure  and  compression 

Ill, 

93 

riveting,  inspection  of 

I, 

182 

Flexure  and  tension 

III, 

91 

roof  and  ceilings 

I, 

190 

Flitch-plate  girder 

II, 

128 
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Floor  arches 

V,    15, 

70 

Forced-blast  heating  system 

concrete-steel 

V, 

74 

plenum  method 

X. 

149 

terra  cotta 

V, 

70 

Forces 

Ill, 

140 

tests  of 

V, 

83 

components  of 

III, 

141 

Floor  teams 

V, 

16 

composition  of 

III, 

141 

Floor  girders                              II.  69;  V, 

16 

concurrent 

III, 

140 

Floor  joists 

II, 

74 

in  equilibrium 

III, 

141 

Floors 

I,  93  ;V, 

16 

at  a  joint 

III, 

161 

Flue  velocities 

IV, 

165 

non-concurrent 

III, 

140 

Flues 

composition  of 

III. 

183 

vent 

X, 

95 

equilibrium  of 

Ill, 

188 

warm-air 

X, 

93 

resolution  of 

III, 

141 

Flush  switches 

IV, 

253 

resultant  of 

III, 

141 

Flutings 

VIII, 

82 

Foreshortened  lines 

VII, 

29 

Corinthian 

VIII, 

42 

Foreshortened  planes 

VII, 

29 

Ionic 

VIII, 

42 

Forked  eye  rods 

V, 

194 

origin  of 

VIII, 

36 

Form     of     agreement     between 

Flyer 

II, 

177 

owner   and   builder 

I, 

253 

Foot  bath,  pattern  for 

IX, 

36 

Form  drawing 

VII, 

40 

Foot  moulding 

IX, 

280 

Formal  contract 

I, 

251 

Footing 

III, 

270 

Formula,  Gordon's  column 

V. 

121 

definition  of 

III, 

281 

Formula  for 

designing 

III, 

270 

black  prints 

VI, 

159 

offsets  of 

III. 

270 

blue-print  solution 

VI, 

159 

steel  I-beams 

III. 

272 

power  transmission  of  shaft 

III, 

121 

stone 

Ill, 

270 

strength  of  shaft 

111, 

119 

timber 

III, 

271 

Foundations                                III, 

253, 

266 

Force 

III. 

137 

area  required 

III. 

268 

definition  of 

Ill, 

137 

artificial 

Ill 

254 

direction  of 

III, 

137 

bearing  power  of  soils 

III, 

268 

graphical  representation  of 

III. 

138 

on  clay 

III. 

254 

magnitude  of 

Ill, 

137 

designing 

Ill, 

266 

place  of  application 

III. 

137 

on  gravel 

-III, 

253 

specification  of 

Ill, 

138 

live-load  reduction  on 

V, 

56 

Force  diagram 

III 

139 

load  to  be  supported 

III, 

266 

Force  notation 

III, 

139 

on  mud 

III, 

255 

Force  polygon 

III,  145, 

167 

natural 

III, 

253 

Force  scales 

III, 

139 

on  rock 

III, 

253 

Forced-blast  heating 

X, 

22 

on  sand 

III, 

254 

Forced-blast  heating  system 

x, 

148 

in  water 

III, 

255 

blowers  for 

X, 

159 

Foundations  for  steel  construction 

V, 

153 

exhaust  method 

X 

149 

caisson 

V, 

155 

for  factory  heating 

X, 

166 

cantilever 

V, 

164 

fans  for 

X, 

159 

fundamental  principles  of 

V, 

156 

heaters,  efficiency  of 

X, 

152 

grillage 

V. 

160 

heating  surface,  form  of 

x, 

150 

pile 

V, 

155 
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Foundation  for  steel  construction 

spread  V,  153 

Fragments  from  temple  at  Cori        VIII,  197 

Framing                                         I.  33;  II.  35 

bridging  I.  36 

column  bases  V,  141 

column  caps  V.  134 

column  splices  V,  136 

connections  V.  134 

details  of  V.  134 

exterior  I,  36 

inspection  V,  143 

partition  I.  41 

relation  to  other  work  V,  142 

roof  I,  40 

roof  details  V,  141 

Framing  and  flooring  I,  154 

cap  and  base  I,  158 

counters  1,  1 67 

crowning  I.  160 

fireproof  vaults  I,  1 69 

floor  beams  I,  159 

floor  finish  I.  167 

flooring  I,  163 

floors  I,  154 

store  and  office  I,  155 

supervision  of  framing  of          I,  163 

tiling  and  mosaic  I,  165 

upper  I,  164 

flush  framing  I,  160 

frame  I,  154 

grille  work  I,  167 

iron  and  steel  supports  I,  157 

mail  chutes  I,  171 

mill  construction  I,  161 

paper  and  deaf ening  I,  165 

partitions  I,  162 

pipe  columns  I.  158 

roofs  I,  163 

slow  burning  construction  I,  161 

steel  girders  I,  159 

"  stock  I,  164 

store  windows  I,  170 

Framing  plan,  detailing  from  V,  222 

Framing  plans 

attic  VI.  335 
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cone  VII,  32 

cylinder  VII,  30 

foreshortened  planes  and  lines  VII,  26 

frames  VII,  34 

horizon  line  VII,  25 

horizontal  circle  VII.  27 

parallel  lines  VII,  28 

prism  VII,  30 

regular  hexagon  VII,  33 

square  VII,  28 

triangle  VII,  29 

French  method  of  starting  a  problem  VI,  284 

perspective  drawing    .  VI,  285 

perspective  studies  VI,  285 

sketch  elevations  VI,  285 

sketch  plans  VI,  285 

Fresh  air  inlets  X,  231 

Frictional  strength  of  a  joint  III,  131 

Frieze             VII.  251 ;  VIII,  35,  65;  IX,  280 

Funnel,  pattern  for  IX,  27 

Furnace  heating  X,  38 

Furnace  pipes  I,  47 

Furnaces                               I,  71;  X,  11,  38 

care  of  X,  52 

chimney  flues  of  X,  46 

cold-air  box  X,  47 

combustion  chamber  of  X,  42 

efficiency  of  X,  43 

fire  pot  X,  41 

grates  for  X,  40 
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heating  surf  ace  of 

location  of 
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registers  for 

return  duct 

smoke  pipes  of 

types  of 

direct  draft 
indirect  draft 

warm-air  pipes 
Furring 
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wire  for 

Gable  roof 
Gained  joint 
Galleries 
Gambrelroof 

framing  of 
Gas 

cooking  by 

heating  by 
Gas  burners 
Gas  fitting 

distributing  pipes 

estimating 

fittings 

joints 


pipe  sizes 
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Gas  fixtures 
brackets 
burners 
chandeliers 
cocks 


Gas  machines 
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Gas  pipes 

testing  of 
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Gas  piping 

I, 

201 

X, 

43 

Gateways,  Roman 

VIII. 

255 

X. 

42 

Gauged  work  definition  of 

III. 

281 

I.  72  ;X, 

46 

Geological  classification  of  rocks 

III. 

215 

X, 

42 

Geometrical  definitions 

VI, 

55 

X, 

52 

angles 

VI, 

56 

X, 

48 

circles 

VI. 

59 

X. 

46 

cones 

VI, 

63 

X, 

38 

conic  sections 

VI, 

65 

X, 

38 

cylinders 

VI, 

63 

X. 

39 

lines 

VI, 

55 

X, 

48 

odontoidal  curves 

VI. 

67 

I. 

47 

polygons 

VI, 

58 

IV, 

259 

pyramids 

VI, 

62 

IV, 

261 

quadrilaterals 

VI, 

57 

IV, 

259 

solids 

VI, 

61 

IV. 

260 

spheres 

VI, 

64 

surfaces 

VI, 

56 

II. 

87 

triangles 

VI. 

56 

II. 

39 

Geometrical  problems 

VI,  69-93 

II. 

130 

German  candle 

IV, 

335 

II. 

88 

Girders 

II, 

94 

for  floor                                II.  69;  V,       16 

live-load  reduction  on 

V. 

56 

X, 

303 

shop  details  of 

V. 

283 

X. 

304 

Girders  and  beams 

V. 

99 

X, 

297 

loads 

V. 

99 

I,  313;  X, 

290 

determination  of 

V. 

99 

X, 

291 

distribution  of 

V, 

100 

II. 

285 

Girts 

II. 

54 

X. 

292 

Glass 

I, 

245 

X. 

292 

Glazing                                         .      I 

,  101, 

307 

X, 

290 

Gordon's  column  formula 

V, 

121 

X, 

294 

Gothic  letters                           VI,  30 

,  147, 

222 

X, 

290 

Government  contracts 

I, 

256 

X, 

296 

building  conditions 

I, 

258 

X. 

301 

character  of  buildings 

I, 

257 

X, 

296 

Graded  tints 

VI, 

270 

X, 

301 

Grain  of  wood 

11, 

14 

X, 

300 

Graphical 

X. 

302 

composition     of     concurrent 

X, 

302 

forces 

III. 

141 

X, 

310 

composition  of  non-concurrent 

X,  290. 

308 

forces 

Ill, 

183 

I, 

48 

condition  of  equilibrium 

III, 

151 

X. 

295 

resolution  of  force 

III. 

148 
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Grates,  furnace 

X, 

40 

Halved  joints 

II. 

42 

Grease  extractor 

X, 

129 

Hammer  beam  truss 

II, 

134 

Greek  antae  or  pilasters 

VIII, 

155 

Hand  level 

VI. 

289 

Greek  column,  entasis  of 

VIII, 

143 

Handrailing,  tangent  system 

II, 

196 

Greek  Corinthian  column 

VIII. 

45 

Hand  scoop,  pattern  for 

IX, 

28 

Greek  details 

VIII. 

139 

Hardness  of  timber 

II, 

27 

Greek  Doric  capital 

VIII 

61 

Hardware 

I, 

243 

Greek,  Doric,  and  Ionic  columns 

VIII. 

49 

estimating 

II, 

267 

Greek  Doric  order,  type  form  of 

VIII, 

58 

Haunches,  definition  of 

III, 

311 

Greek  Doric  temples,  dates  and 

Header,  definition  of 

III, 

282 

column  dimensions  of 

VIII. 

53 

Headers 

II, 

77 

Greek  fret 

VIII. 

74 

Heading  joint,  definition  of 

III, 

311 

Greek  intercolumniation 

VIII. 

147 

Heartshake 

II. 

14 

Greek  Ionic  column 

VIII, 

45 

Heat  loss 

X, 

32 

Greek  Ionic  order,  general  type  of 

VIII. 

104 

causes  of 

X, 

33 

Greek  mouldings 

VIII. 

69 

air  leakage 

X. 

33 

Greek  orders 

by  ventilation 

X, 

37 

analysis  of 

VIII. 

35 

through  walls 

X, 

33 

column 

VIII, 

35 

through  windows 

X, 

33 

entablature 

VIII, 

35 

table 

x, 

34 

stylobate 

VIII, 

35 

Heaters 

divisions  of 

hot-water                                 X, 

105, 

124 

Corinthian 

VIII, 

35 

indirect  steam 

X. 

85 

Doric 

VIII. 

35 

table 

X. 

153 

Ionic 

VIII, 

35 

Heating                              I,   69,   249. 

290, 

307 

Greek  and  Roman  Doric  orders. 

apparatus 

I, 

69 

difference  between 

VIII. 

194 

cold-air  box 

I, 

71 

Greek  and  Roman  orders,  compar- 

estimating 

II, 

278 

ison  of 

VIII, 

42 

exhaust-steam 

IV, 

166 

Grillage  foundations 

V, 

160 

furnace 

I, 

71 

Groins 

II. 

146 

by  gas 

X. 

303 

Ground  detectors 

IV, 

227 

indirect  steam 

X, 

85 

Grounding  dynamo  frames 

IV, 

201 

Heating  capacity  of  furnace 

X, 

43 

Grounding  of  low-potential  circuits 

IV, 

223 

Heating  pipes 

I, 

201 

Grounds  and  f  urring 

I. 

303 

Heating  surface  of  furnace 

X. 

42 

Grout,  definition  of 

III. 

281 

Heating  surface  supplied  by  pipes, 

Guard  arms 

IV, 

221 

table 

X, 

79 

Guard  irons 

IV, 

231 

Heating  systems 

X, 

11 

Guide-  ways 

V, 

352 

care  and  management  of 

X. 

192 

Guilloche  moulding 

VIII. 

74 

combination                              X 

52, 

116 

Gum 

II, 

25 

direct  hot-  water                       X,  18, 

109 

Gusset  sheet 

IX, 

198 

direct-indirect  radiators          X 

,  17, 

102 

Gustavino  arch 

V. 

74 

direct  steam                             X 

,   14, 

60 

Guys 

IV, 

233 

double-duct 

X, 

168 

electricity                                  X 

.   24, 

174 

Hallway,  design  of 

VI. 

309 

exhaust  steam                         X 

,   20, 

126 

Note. — For  page  numbers  see  foot  of  pages. 
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Heating  systems 

forced-blast 

X,  22, 

148 

furnaces 

X,  11, 

38 

indirect    hot-water 

X,  20, 

124 

indirect  steam 

X,  15, 

85 

low-pressure 

X, 

143 

stoves 

X, 

11 

vacuum 

X. 

143 

Heating  and  ventilation 

X,  11 

-198 

apartment  houses 

X, 

189 

churches 

X, 

186 

greenhouses  ' 

X, 

190 

halls 

X, 

187 

office  buildings 

X, 

189 

school  buildings 

X, 

181 

theaters 

X, 

188 

Heavy  beams  and  girders 

II, 

125 

Heavy  metal  problems 

IX, 

188 

boiler  stacks 

IX, 

189 

elbow,  three-pieced 

IX. 

194 

gusset  sheet 

IX, 

198 

scroll  sign 

IX, 

200 

taper  joint 

IX, 

192 

Height  of  shaft  in  Ionic  order 

VIII, 

82 

Hemlock 

II, 

21 

Hexagonal  prism,  development  of  IX,  14,  68 
Hexagonal  and  quadrangular  prism, 

intersection  of    IX,  67 

High  building  construction  V,  169 
effect  on  foundations  V,  170 
effect  of  wind  pressure  V,  171 
origin  of  types  V,  167 
types  hi  use  V,  1 70 
wind  bracing  V,  174 
Hinge  ends  column  III,  97 
Hip  rafters  II,  109 
Hip  roof  II,  88 
Hip-and-valley  roof  II,  88 
Hipped  skylight  IX,  223 
construction  of  IX,  219 
development  of  patterns  for  IX,  224 
Hollow  walls                         .  I,  118 
Homogeneous  beams,  statics  of  IV,  60 
Honeysuckle  and  akrotcr  orna- 
ment VIII.  74 
Hopper  register  IX,  157 

Note. — For  page  numbers  see  foot  of  pages. 
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Hooke's  law  of  deformation  III,  15 

Horizon  line  in  freehand  perspective  VII,  25 

Horizontal  circle                                  VII,  27 

Horizontal  hydraulic  elevators  V,  324 

Horizontal  shear  III,  87 

Hot-air  pipe  IX,  151 

Hot  box  IV,  211 

Hot- water  heaters                      I,  80;  X,  105 

care  and  management  of  X,  126 

regulators  for  X,  107 

types  of  X,  105 

Hot-water   heating                  I,    77;  IV,  186 

heaters                               I,   80;  IV,  186 

capacity  of  IV,  187 

piping  for  I,  78 

radiators  for  I,  80 

Hot- water  piping  IV,  190 

expansion-tank  connections  IV,  193 

forced-circulation  system  IV,  '195 

heater  connections  IV,  190 

open-tank  vs.  pressure  system  IV,  194 

overhead-feed  system  IV,  192 

radiator  connections  IV,  193 

single-main  system  IV,  190 

two-pipe  up-feed  system  IV,  191 

Hot- water  radiation,  table  X,  121 

Hot- water  radiators  and  valves  IV,  188 

Hot-water  supply  X,  275 

boilers  with  steam  coils  for  X,  285 

circulation  pipes  for  X,  281 

double  boiler  connections  for  X,  280 

double  water-back  connections 

for  X,  280 

for  laundry  boilers  X,  283 

pipe  connections  for  X,  282 

House,  final  inspection  of  1,  102 

Housed  strings  II,  159 

Hydraulic  ram  X,  268 

Hydraulics  of  plumbing  X,  259 

Hyperbola  VI,  66 

Hypocycloid  VI,  68 

I-beam,  method  of  rolling  V.  18 

Igneous  rock  III,  215 
Illuminating  data  for  meridian 

lamps,  table  IV,  320 
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Illumination 

IV. 

314 

Inside  finish 

, 

81 

intensity  ol 

IV. 

256 

architraves 

81 

intrinsic  brightness 

IV, 

314 

doors 

88 

irregular  reflection 

IV, 

315 

custom-made 

88 

regular  reflection 

IV. 

315 

hardware  of 

89 

unit  of 

IV. 

314 

floor  boards,  matching 

94 

Impost,  definition  of 

VII. 

252 

floor  paper 

, 

94 

Incandescent  lamp  data,  table 

IV, 

255 

floors 

93 

Incandescent  lamp  photometry 

IV. 

342 

hardware,  inspection  of 

, 

92 

Incandescent  lamps                       IV, 

254. 

278 

locks 

90 

efficiency  of 

IV. 

282 

stairs 

84 

manufacture  of 

IV, 

279 

windows 

86 

exhausting 

IV. 

281 

Inside  wiring 

IV, 

233 

filament 

IV, 

279 

Inspection  of  plumbing 

X, 

242 

flashing 

IV. 

280 

Instruments  and  materials.  Arch. 

D.    VI 

229 

selection  of  lamps 

IV. 

284 

drawing  boards 

VI. 

230 

voltage  and  candle-power 

IV, 

282 

erasers 

VI, 

229 

Incandescent  lamps  in  series  circuits 

IV. 

261 

papers 

VI. 

231 

Inclined  and  bowled  floors 

11. 

122 

tinted 

VI 

231 

Indirect  hot-water  heating             X 

,  20, 

124 

tracing 

VI, 

232 

casings 

X. 

125 

pencils 

*     VI. 

229 

flues 

X. 

125 

scales 

VI, 

232 

heaters 

X, 

124 

set  of  instruments 

VL 

230 

pipe  connections 

X. 

125 

T-squares 

VI, 

231 

pipe  sizes 

X, 

125 

tracing  cloth 

VI, 

232 

Indirect  hot-  water  radiation,  table 

X, 

126 

triangles 

VI, 

231 

Indirect  radiation,  table 

X 

103 

Instruments  and  materials,  Mech 

D.  VI, 

11 

Indirect  steam  heating                      X,  15, 

85 

beam  compasses 

VI, 

29 

casings 

X. 

86 

bow  pen 

VI, 

24 

cold-air  ducts 

X, 

94 

bow  pencil 

VI, 

24 

dampers 

X, 

87 

compasses 

VI. 

20 

direct-indirect  heating 

X, 

102 

dividers 

VI. 

23 

heaters 

X, 

85 

drawing  board 

VI. 

13 

size  of 

X 

91 

drawing  paper 

VI, 

11 

types  of 

X 

85 

drawing  pen 

VI, 

24 

pipe  connections 

x. 

100 

erasers 

VI. 

14 

pipe  sizes 

X 

101 

ink 

VI, 

26 

registers 

X, 

98 

irregular  curve 

VI, 

28 

stacks 

X. 

86 

pencils 

VI, 

14 

vent  flues 

X 

95 

protractor 

VI. 

27 

warm-air  flues 

X, 

93 

scales 

VI, 

27 

Ingredients  in  one  cu.  yd.  concrete. 

T-square 

VI, 

15- 

table 

IV, 

31 

thumb  tacks 

VI, 

13 

Ink.  India 

VI, 

26 

triangles 

VI, 

17 

Inking  the  drawing 

VI. 

258 

Insulated  metal  conduits 

IV, 

244 

Inscription  lettering 

VI. 

203 

Insulating  joints 

IV, 

252 

Note. — For  page  numbers  see  loot  of  pages. 
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Insulation  resistance 

IV. 

253 

Jamb,  definition  of 

III, 

283 

testing  of 

IV, 

205 

Joint                                           11,  36; 

III. 

130 

Insulations,  cleaning  of 

IV, 

210 

computation  of  the  strength  of 

III. 

132 

Insulators,  petticoat 

IV, 

221 

definition  of 

III. 

282 

Intensity  of  illumination 

IV, 

256 

efficiency  of 

III. 

134 

Interchangeable  arc  lamps 

IV, 

296 

forces  at 

III. 

161 

Intercolumniation 

VII, 

321 

frictional  strength  of 

III. 

131 

Corinthian 

VIII, 

152 

kinds  of 

Ill, 

130 

ditriglyphic 

VIII, 

147 

bridge 

II. 

38 

Doric 

VIII, 

147 

butt                            II,  37; 

III. 

130 

Greek 

VIII. 

147 

double-riveted. 

III. 

130 

Ionic 

VIII; 

151 

double  tenon 

II. 

42 

monotriglyphic 

VIII. 

147 

gained 

II. 

39 

Interior  columns 

V. 

14 

halved 

II, 

42 

Interior  conduit  installation 

IV. 

245 

lap 

III. 

130 

Interior  finish 

I. 

304 

.    mortise-and-tenon 

II, 

38 

Intermediate  studding 

II. 

60 

riveted 

III, 

130 

Interpretation  of  drawings  and 

single-riveted 

III, 

130 

specifications 

V, 

145 

tenon-and-tusk 

II, 

40 

Intersected  cylinder,  development  of  IX, 

16 

strength  of 

V, 

205 

Intersection  and  development 

VI, 

111 

ultimate  efficiency  of 

HI. 

134 

Intrados,  definition  of 

III, 

311 

working  efficiency  of 

III. 

134 

Intrinsic  brilliancies  in  candle- 

Joggle,  definition  of, 

Ill, 

283 

power  per  sq.  in.,  table 

IV, 

314 

Joists 

II, 

74 

Invert,  definition  of 

III, 

311 

connections  of 

II, 

77 

Involute 

VI, 

68 

Ionic  base 

VIII. 

85 

Keene's  cement 

I, 

198 

Ionic  capital 

VIII. 

89 

Kerfing 

II. 

188 

abacus  of 

VII, 

280 

Keystone,  definition  of 

III. 

311 

Ionic  and  Doric  orders,  essential 

Kind  of  drawing  in  rendering            VIII, 

313 

differences  between 

VIII, 

79 

Kinds  of  beams 

III. 

91 

Ionic  intercolumniation 

VIII. 

151 

Kinds  of  loads 

III. 

91 

Ionic  order                          VII,  280 

;VIII. 

35 

King  post  truss 

II. 

133 

description  of 

VIII, 

81 

Kitchen,  design  of 

VI, 

311 

examples  of                           VIII.  81, 

111 

Knife  switches 

IV, 

253 

height  of  shaft  in 

VIII, 

82 

Knots  in  timber 

II. 

17 

origin  of 

VIII, 

79 

Ionic  pilasters 

VIII, 

158 

Lacing 

V. 

195 

Iron,  weight  of  sq.  ft.  of,  table 

IX, 

122 

Lag  screws 

V. 

192 

Iron  piping 

I, 

61 

Lamp  sockets 

IV. 

249 

Irregular  curve 

VI. 

28 

special 

IV. 

24 

Isometric  projection 

VI, 

129 

standard 

IV. 

249 

Isometrical  drawing 

VI. 

129 

Lamps,  arrangement  of 

IV. 

257 

Italian  Renaissance  letters 

VI, 

178 

Lamps,  electric 

IV.- 

290 

types  of 

Jack  rafters 

II. 

111 

amyl  acetate 

IV, 

335 

Note* — For  page  numbers  see  foot  oj  pages- 
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Lamps,  electric 

Letters 

types  of 

Albrecht  Diirer 

VI, 

178 

Bremer 

IV, 

305 

•  capital 

VI, 

32 

carbon-feed 

IV. 

293 

classic  Roman 

VI, 

205 

carcel 

IV. 

335 

Gothic                                 VI,  30,   147,      222 

differential 

IV, 

292 

Italian  Renaissance 

VI, 

178 

double-carbon 

IV, 

293 

lower-case 

VI, 

32 

mercury  vapor 

IV, 

306 

minuscule 

VI, 

200 

Nernst 

IV, 

299 

raised 

VI, 

220 

osmium 

IV. 

305 

Roman 

VI, 

147 

pentane 

IV, 

335 

skeleton 

VI, 

193 

rod-feed 

IV, 

292 

small 

VI. 

200 

series 

IV, 

291 

Liens 

I, 

337 

shunt 

IV, 

290 

Light,  distribution  of                     I\> 

',  257, 

286 

special 

IV, 

297 

Light  gauge  metal  problems 

IX, 

147 

Lap  joint 

III, 

130 

chute,  curved  rectangular 

IX, 

154 

Lateral  area 

VI, 

61 

flange,  tapering 

IX, 

169 

Lateral  deflection 

V,  29, 

36 

hopper  register 

IX. 

157 

Lathing 

I, 

55 

hot-air  pipe 

IX, 

151 

Laundry  toilers 

X, 

283 

oblique  piping 

IX, 

147 

Lavatories 

X, 

208 

pipe  connections 

IX, 

160 

design  of 

VI. 

312 

rain-water  cut-off 

IX, 

149 

Laws  for  buildings 

V, 

52 

three-way  branch 

IX, 

162 

Laws  for  specifications 

V. 

52 

two-branch  fork 

IX, 

166 

Laying  out  building 

II. 

31 

Light  and  shade                  VII,  40 

;  VIII, 

318 

Laying  washes 

VI. 

262 

color  of  material 

VIII, 

321 

Lead,  weight  of  sq.  ft.  of,  table    , 

IX, 

122 

lighting 

VIII, 

320 

Lead  pipe  dimensions,  table 

X, 

264 

principality  of  accent 

VIII, 

323 

Lead  pipes 

I, 

60 

shadows  only 

VIII, 

322 

for  water  supply 

X. 

264 

values 

VIII, 

318 

Leaf-and-dart  moulding 

VIII, 

79 

Light  standards 

IV, 

333 

Lean-to  roof 

II. 

87 

Lighting                                      « 

Ledger  board 

II, 

54 

office 

IV, 

322 

Legal  relations  of  architect 
Letter  forms 

I,  315-365 
VI,     178 

public  hall 
residence 

IV, 
IV, 

322 
316 

street 

IV, 

325 

derivation  of 
Italian  Renaissance 

VI, 
VI, 

178 
178 

Lighting  data  for  arc  lamps,  table 
Lighting  data  for  Cooper-Hewitt 

IV, 

324 

Lettering 

lamps,  table 

IV, 

325 

architectural 

VI, 

177 

Lightning  arresters 

IV, 

204 

composition 

VI, 

193 

Lime  and  cement 

1, 

123 

inscription 

VI, 

203 

brick  veneer 

I, 

125 

mechanical  drawing 

VI. 

29 

cleaning  down 

1, 

126 

office 

VI, 

177 

color  of 

I, 

124 

spacing 

VI, 

199 

durability  of 

I, 

123 

Lettering  drawings 

VI. 

146 

efflorescence  of 

I, 

127 

Note. — For  page  numbers  see  foot  of  pages. 
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lame  and  cement 

Lomas  nuts 

V.     193 

hydraulic 

I, 

123 

Loop  eye  rods 

V.     193 

protection  of 

I, 

125 

Lower-case  letters 

VI,       32 

setting  of 

I, 

123 

Lubrication  of  cylinders 

V.     335 

waterproofing  of  walls  by 

I, 

126 

Lumber  for  construction  and  finish         I,     222 

Limes                                        I 

,  295;  III, 

227 

Lummer-Brodhun  photometer 

IV,     337 

hydraulic 

III. 

228 

poor 

HI. 

228 

Main  plates 

III,     131 

rich 

Ill, 

227 

Manholes 

X,      249 

Limit  switches 

V, 

349 

Mansard  roof 

II.        88 

Limit  valves 

V. 

337 

framing  of 

II.       95 

Limiting  lines 

VI, 

254 

Mantels 

I,      243 

Line  drawing 

VI, 

237 

Maple 

II.        25 

character  of 

VI, 

237 

Masonry 

I,        42 

colored 

VI. 

240 

classification  of 

III,     277 

shade 

VI, 

238 

definitions  of  terms  used  in 

III,  277-286 

Line  shading 

VI, 

144 

repairs  in                          I,  127;  III,     302 

Line  wires 

IV, 

218 

Masonry  construction       I,  237; 

III,   215-331 

Line  work 

arches 

III,      309 

free  lines 

V11I, 

317 

basement  floor 

I,      237 

method 

VIII, 

316 

bridge  abutments 

III,      203 

quality  of  line 

VIII, 

314 

bridge  piers 

III,      323 

vertical  lines 

VIII, 

317 

culverts 

III,     325 

Linear  dimension,  definition  of 

II. 

235 

foundations 

III,     253 

Linear  expansion  coefficients 

Ill, 

125 

kinds  of 

Lines 

ashlar 

III,      293 

definition  of 

VI, 

55 

brick 

III,     298 

limiting 

VI, 

245 

broken  ashlar 

III,      295 

of  measures 

II. 

105 

concrete  steel 

III,     329 

oblique 

VII. 

115 

rubble 

III,      295 

parallel 

VII, 

28 

stone 

III.      296 

shade 

VII, 

174 

repair  of 

III.      302 

shadows  of 

VII, 

178 

structures 

III.     303 

straight 

VII, 

19 

terms  used  in 

III.  277-286 

Lintels 

walls 

III,      303 

definition  of                 III, 

283;  VII. 

249 

Masonry  materials 

I.      235 

size  and  character  of 

V, 

102 

brick 

I,     235 

Listels 

VIII,  61. 

69 

broken  stone 

I,     235 

Live-load  reduction  on 

cement 

I,      235 

columns 

V. 

56 

cementing 

III,      225 

foundations 

V. 

56 

concrete 

I.      237 

girders 

V, 

56 

face  brick 

I,      239 

Living  rooms,  design  of 

VI. 

310 

granite 

I,      236 

Load-bearing  walls 

V, 

11 

preparation  of 

III,      286 

Loads,  kinds  of 

III,  62, 

91 

sand 

I.     235 

Lock 

IX, 

280 

setting  of  granite  and  soft  sto 

ae      I.     239 

Note. — For  page  numbers  see  foot  of  pages. 
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soft  stone 
.   setting  terra-cotta 

structural 

terra-cotta 
Masonry  structures 
Masonry  walls 
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I,  236 

I,  240 

III,  215 

I,  236 

III,  3C3 

II,  63 


Materials  and  instruments,  Mech.  D.  VI,       11 
Materials  used  in  rendering  VIII,     314 


Materials  under  simple  stress 
Matthew's  integrating  photometer 
Maximum  shear 

table 

Mean  spherical  candle-power 
Measure 

pattern  for 
size  of,  table 

Measure,  auxiliary  lines  of 
Measure  lines 
Measure  point 
Measured  work 

approximations 
arches 
datum  lines 

elevation  measurements 
hand  level 

inaccessible  portions 
materials 
measuring  tapes 
projections 
rubbings 

Measurement  of  angles 
Measurements,  completeness  of 
Measuring  tapes 
Mechanical  drawing 
assembly  drawing 
blue  printing 
geometrical  definitions 
angles 
circles 
cones 

conic  sections 
cylinders 
lines 

odontoidal  curves 
polygons 
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IV,  287 

IX,  40 

IX,  40 

VII,  105 

VII,  137;  IX,  13 

VII,  137 

VI,  289 

VI.  291 

VI.  290 

VI,  289 

VI.  290 

VI,  289 

VI,  291 

VI,  289 

VI.  289 

VI,  291 

VI,  291 

VI,  60 

V,  296 

VI,  289 
VI,  11-172 

VI,  158 

VI,  157 
VI, 
VI, 
VI, 
VI, 
VI. 
VI. 
VI, 
VI, 
VI, 


Part  Page 
Mechanical  drawing 

geometrical  definitions 

pyramids  VI,  62 

quadrilaterals  VI.  57 

solids  VI.  61 

spheres  VI,  64 

surfaces  VI,  56 

triangles  VI,  56 

geometrical  problems  VI,  69-93 

instruments  and  materials  VI,  11 

beam  compasses  VI,  29 

bow  pen  VI,  24 

bow  pencil  VI,  24 

compasses  VI,  20 

dividers  VI,  23 

drawing  board  VI,  13 

drawing  paper  VI,  11 

drawing  pen  VI,  24 

erasers  VI,  14 

ink  VI,  26 

irregular  curve  VI,  28 

pencils  VI,  14 

protractor  VI.  27 

scales  VI.  27 

T-square  VI,  15 

thumb  tacks  VI,  13 

triangles  VI.  17 

intersection  and  development      VI,  111 

lettering                                     VI,  29,  146 

line  shading  VI,  144 

plates                                   VI,  33.  69,  160 

projections  VI,  95 

tracing  VI,  154 

Mensuration  problems  IX,  357 

Mercury  vapor  lamp  IV,  306 

Metal  roofing  IX,  242 

tools  required  for  IX,  243 

Metal  walls  V,  13 

Metal  work  I,  298 

Metamorphic  rocks  III,  215 

Metope  VIII,  66 

Mild-steel  columns,  data  for.  table  III,  107,111 

Mill  building  columns  V,  251 

MiU  building  construction  V,  ISO 

special  features  V,  180 

Mill  invoices  of  steel  V.  150 
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27 
Part  Page 

Minimum  thickness  of  abutments 

Mouldings 

for  arches,  table 

III. 

315 

echinus                         VIII,  70;  IX, 

289 

Minuscule  letters 

VI. 

200 

egg-and-dart 

VIII, 

79 

Miter,  definition  of 

IX, 

282 

fascia 

VIII, 

69 

Miter  cutting                                 IX,  290. 

343 

fillet 

VIII, 

69 

Modeling  an  architectural  drawing 

VI, 

248 

Greek 

VIII. 

69 

shadows  at  45  degrees 

VI, 

248 

leaf-and-dart 

VIII, 

79 

values 

VI. 

251 

listel 

VIII. 

69 

Modillion  course 

IX, 

280 

ogee                              VIII,  70;  IX, 

288 

Module 

VII, 

257 

ovolo 

IX. 

289 

Modulus  of  elasticity  of  concrete. 

Roman                         VIII,  261  ;  IX, 

288 

table 

IV. 

71 

scotia 

VIII, 

70 

Modulus  of  rupture 

Ill, 

84 

torus                               VIII,  6 

9;  ix. 

289 

Moment  diagrams 

III, 

46 

woven-band 

VIII. 

74 

table 

III. 

63 

Moulds  for  cement 

IV, 

20 

Moment  of  a  force 

Ill, 

26 

Multiple  system  of  power  distribution  IV, 

312 

Moment  of  inertia 

III. 

56 

Multiple-  wire  system 

IV, 

313 

of  built-up  sections 

Ill, 

59 

Mutular  order 

VII, 

262 

reduction  formula 

III. 

58 

Mutules 

VIII, 

66 

table 

Ill, 

62 

unit  of 

III, 

57 

Nailing  surface 

II. 

60 

Moments,  principle  of 

HI. 

27 

Natural  cement 

III. 

228 

Monoliths 

VIII, 

40 

characteristics  of 

III. 

228 

Monotriglyphic  intercolumniatioii 

VIII, 

147 

Natural  stones,  classification  of 

III. 

215 

Mortar                                        I,  295;  III, 

241 

Natural  timber 

II, 

11 

applying  to  laths 

I, 

57 

Neat  cement,  strength  of,  table 

IV, 

22 

cement 

III, 

243 

Nernst  lamp 

IV, 

299 

freezing  of 

III, 

245 

Net  section 

III, 

132 

proportions  for 

III, 

242 

Net  weight  per  box  tin  plates,  table 

IX, 

241 

retempering 

III. 

245 

Neutral  axis,  position  of 

IV, 

69 

sand  for 

III. 

242 

Neutral  axis  of  a  beam 

III. 

64 

uses  of 

III. 

241 

Neutral  line  of  a  beam 

Ill, 

64 

water  for 

III. 

243 

Neutral  surface  of  a  beam 

III. 

64 

Mortise-and-tenon  joints 

II, 

38 

Niches 

II. 

146 

Motor  wiring  formulae 

IV, 

215 

Nitrogen 

X, 

26 

Motors,  installation  of 

IV, 

212 

Non-concurrent  forces 

III, 

140 

Moulding  outlines 

VIII, 

35 

Non-elastic  deformation 

III. 

129 

Moulding  work,  wire  for 

IV, 

242 

Notation  for  forces 

Ill, 

139 

Mouldings 

IX, 

288 

Notched  strings 

II. 

160 

astragal 

VIII, 

69 

Notching  patterns 

IX. 

24 

cavetto 

IX, 

289 

classical 

VII, 

253 

Oak 

II, 

25 

cove 

IX, 

289 

Oblique  lines,  vanishing  points  of 

VII, 

115 

cyma  recta 

IX, 

288 

Oblique  piping 

IX, 

147 

cyma  reversa 

IX, 

289 

Oblique  projection                      VI 

,    141, 

246 

decoration  of 

VIII 

74 

Obtuse  angles 

V. 

21 
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Odontoidal  curves 

VI, 

67 

Paint 

I, 

245 

Office  buildings 

VI. 

318 

Painting 

I, 

95 

Cfflce  lettering 

VI. 

177 

colors 

I, 

96 

Office  lighting 

IV. 

322 

estimating 

II. 

276 

Ogee  moulding                      VIII,  70;  IX, 

288 

exterior 

I, 

95 

Oily  waste 

IV, 

211 

filling  and  finishing 

I, 

99 

One-man  stone,  definition  of 

III, 

283 

floor  finish 

I, 

100 

One-pipe  circuit  system 

X. 

69 

glazing 

I, 

101 

One-pipe  relief  system 

X, 

86 

inside 

I, 

97 

One-pipe  risers,  capacities  of,  table 

IV, 

156 

miscellaneous 

I. 

101 

One-point  perspective 

VII. 

128 

preparation  of  surface  for 

I, 

99 

Open  arcs,  D.  C.  system 

IV, 

294 

priming 

I, 

97 

Open-newel  stairs 

II, 

184 

puttying 

I, 

95 

Open  strings 

II. 

159 

rubbing  down 

I, 

100 

Order  of  the  Parthenon 

VIII, 

48 

shellac  and  varnish 

I, 

99 

Ordering  steel  materials 

V, 

23 

staining 

I,   96, 

98 

Orders                    VII,  245-391;  VIII,  11-279 

tinting 

I. 

101 

caryatid 

VIII. 

35 

varnish  and  shellac 

I, 

98 

composite                   VII,  318;  VIII,     189 

Paints  used  for  protection  of  steel 

V, 

95 

Corinthian 

VII, 

301 

Pallets,  definition  of 

III, 

284 

denticular 

VII, 

262 

Palmette  ornament 

VI11, 

74 

Doric                     VII,  262  ;  VIII,  35, 

45 

Panel 

IX, 

280 

Ionic 

VII, 

280 

Panel-mould 

IX, 

281 

mutular 

VII, 

262 

Pantheon,  Rome                          VIII,  177, 

232 

Persic                                    VIII,   35, 

134 

Paper 

VI. 

231 

Roman                       VII.  245; 

VIII, 

188 

tinted 

VI, 

231 

Tuscan 

VII, 

258 

tracing 

VI, 

232 

Orders  for  secular  buildings,  use  of 

VIII. 

175 

Parabola,  definition  of 

VI, 

66 

Origin  of  Doric  entablature 

VIII, 

55 

Parabola-Euler  formulas  for  col- 

Origin of  the  entasis  of  the  column 

VIII, 

36 

umns 

III, 

110 

Origin  of  flutings 

VIII, 

36 

Parallel  line  developments 

IX, 

14 

Ornament,  architectural 

VI. 

308 

Parallel  lines 

VII, 

28 

Orthographic  projection 

VI. 

95 

Parallel  of  the  orders 

VIII, 

41 

Osmium  lamp 

IV. 

305 

Parallel  perspective 

VII. 

128 

Outside  finish 

, 

50 

Parapet  wall 

Ill, 

283 

clapboarding  and  siding 

54 

Parthenon 

VIII, 

32 

porch  and  piazza 

53 

order  of 

VIII, 

48 

shingles 

50 

Partition  framing 

I, 

41 

slating 

52 

Partitions                                II,    62;    V, 

90 

wall  shingles 

, 

55 

bearing 

V, 

14 

window  frames 

52 

special 

II, 

65 

Outside  wires 

IV. 

228 

supports  for 

II, 

74 

Ovolo  moulding 

IX, 

289 

tests  of 

V, 

92 

Oxygen 

X, 

26 

Patterns 

methods  of  obtaining 

IX. 

12 

Pail,  pattern  for 

IX, 

25 

notching 

IX, 

24 
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Patterns 

transferring 
Paul  heating  system 
Peden  fives 
Pedestal 

definition  of 

Roman  VIII,  189 

Pediments,  Roman 
Pen  and  ink  rendering  VI] 

Pencil  work 
Pencils 
Pentane  lamp 
Percentage  of  water  for  standard 

sand  mortar,  table     IV, 
Persic  order 
Perspective 

curves  in 

parallel 

of  a  point 
Perspective  drawing        VI,  285;  VII,  75-171 

apparent  distortion 

axioms  of 

curves 

definitions  and  theory    • 
projection 
system 

vanishing  point 
visual  ray 

lines  of  measure 

notation 

plates 

problems  in 

Perspective  plan,  method  of 
Perspective  projection 
Perspective  studies 
Petticoat  insulators 
Photometers 

Lummer-Brodhun 

Matthew's  integrating 

Weber 
Photometry 

arc  light 

incandescent  lamp 

light  standards  of 

working  standards  of 
Piazzas,  estimating 
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Picture  plane 

VII, 

76 

IX, 

25 

Pier,  definition  of               III,  311 

;  VII, 

249 

X, 

146 

Pilasters 

II. 

143 

Corinthian 

VIII. 

161 

Doric 

VIII, 

155 

VII. 

251 

Greek 

VIII, 

155 

192. 

207 

Roman 

VIII, 

273 

'Ill, 

267 

Pile-driving             > 

III, 

258 

,   313-346 

Pile  foundations                     III,  255;  V, 

155 

III, 

325 

concrete 

III, 

257 

VI, 

14 

cost  of 

II. 

243 

IV, 

335 

example  of 

III. 

269 

moulded  concrete 

III. 

257 

IV, 

17 

iron  and  steel 

III. 

256 

,  35, 

134 

timber 

Ill, 

255 

Piles,  splicing  of 

III, 

261 

VII, 

147 

Pillars,  definition  of 

VII. 

249 

VII, 

128 

Pilot  nuts 

V, 

192 

VII, 

"87 

Pilot  valve 

V, 

329 

[I,  75-171 

Pin  ends  column 

III. 

97 

VII, 

152 

Pines 

II, 

21 

VII, 

83 

Pipe  connections 

IX, 

160 

VII. 

147 

Pipe  and  fittings 

IV. 

173 

VII. 

75 

fittings 

IV, 

176 

VII, 

75 

hangers 

IV, 

177 

VII, 

78 

pipe 

IV, 

173 

VII, 

78 

Pipe-fitting  tools 

IV, 

181 

VII, 

75 

drills 

IV, 

185 

VII, 

105 

miscellaneous 

IV. 

186 

VII. 

95 

pipe  cutters 

IV, 

181 

t,  157-171 

pipe  tongs 

IV. 

183 

VII. 

97 

pipe  wrenches 

IV, 

184 

VII, 

135 

pliers 

IV, 

185 

VII, 

76 

reamers 

IV. 

185 

VI, 

285 

stocks  and  dies 

IV, 

182 

IV. 

221 

taps 

IV, 

185 

IV, 

336 

vise  and  bench 

IV. 

181 

IV, 

337 

Pipe  for  gas  burners,  table 

X, 

295 

IV, 

341 

Pipe  for  pile  driving,  number  and 

IV, 

340 

size,  table 

III. 

261 

IV, 

333 

Pipe  radiators 

X. 

61 

IV, 

345 

Pipe  risers  for  hot  water,  table 

X, 

124 

IV, 

342 

Pipe  sizes,  single  pipe  system,  table 

X, 

80 

IV, 

333 

Pipes 

IV, 

335 

expansion  of 

X, 

71 

II, 

265 

warm-air 

X, 

48 
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Pipes 

Plumbing 

water 

X, 

263 

dwelling  houses 

X, 

239 

Piping  for  heating  system 

X, 

66 

estimating 

II, 

282 

Piping  for  hot-  water  systems 

X, 

111 

.factories 

X. 

242 

Piston  packing 

V, 

334 

fixtures  for                  I,  64, 

245;  X, 

201 

Pitch-board 

II, 

162 

bath  tubs                    1, 

68;  X, 

201 

Pitch  roof 

II, 

87 

cesspools 

X, 

225 

Pitched-face  masonry,  definition  of 

III, 

284 

cocks 

I, 

68 

Plain  beam,  detailed  design  of 

IV, 

89 

connections  and  vents 

I, 

66 

Plain  Ionic  capital 

VIII, 

92 

faucets 

X, 

218 

Plain  rod 

V, 

194 

lavatories 

X, 

208 

Plan,  definition  of 

VI, 

240 

sinks 

x. 

209 

Planceer 

IX, 

280 

soil  pipes 

X. 

219 

Plane  of  horizon 

VII, 

81 

tanks                          I. 

67;    X. 

214 

Plane  of  light,  definition  of 

VII, 

174 

traps                       1.  62; 

X,  212, 

226 

Planes 

urinals 

X, 

206 

auxiliary 

VII. 

196 

vents 

X, 

226 

distinction  between  different 

VI, 

274 

waste  pipes                  I, 

62;  X. 

219 

shadows  of 

VII, 

181 

water  closets 

X. 

202 

Planes  of  light  J.  to  the  co-ordinate 

gas  fitting 

x, 

290 

planes 

VII, 

201 

gas  piping 

I. 

249 

Planes  of  projection 

VII, 

85 

hotels 

x. 

240 

Plans 

VI, 

320 

hyrdaulics  of 

x, 

259 

attic 

VI, 

329 

inspection  of 

x, 

242 

basement 

VI, 

324 

pipe  connections  for 

x, 

233 

first-floor 

VI, 

324 

pipes 

I, 

60 

roof 

VI, 

329 

brass 

I, 

61 

second-floor 

VI, 

326 

iron 

I, 

61 

Plastering                                  I,  57, 

244, 

297 

lead 

I. 

60 

estimating 

II. 

273 

testing  of 

I, 

63 

exterior 

I, 

58 

railroad  stations 

x. 

241 

mixing 

I, 

57 

schoolhouses 

x, 

241 

Plate 

II, 

55 

shops 

x. 

242 

bearing  strength  of 

III, 

131 

soil  pipe 

I, 

247 

Plate  glass  for  windows 

I, 

102 

testing  of 

x, 

242 

Plate  nuts 

V, 

193 

traps 

I. 

247 

Plates 

V. 

21 

Plumbing  pipes 

I,  48, 

200 

buckled 

V, 

23 

Plunger  elevators 

V, 

332 

edged 

V, 

21 

Point  of  sight 

VII, 

76 

sheared 

V, 

21 

Pointing,  definition  of 

III, 

283 

trough 

V, 

23 

Points,  shadows  of 

VII, 

176 

Platform  stairs 

II, 

178 

Pole  fittings 

IV, 

.231 

Plinth,  definition  of 

III, 

284 

cross-arms 

IV, 

231 

Plugs,  definition  of 

III. 

284 

guard  irons 

IV, 

231 

Plumbing                    I,  59,  245,  308  ;X,  201-314 

guys 

IV. 

233 

apartment  houses 

X, 

239 

steps 

IV. 

231 
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Pole  line  data,  table 

IV, 

232 

Properties  of  standard  I-beams, 

Poles  for  light  and  power  wires 

IV, 

228 

table 

III, 

82 

classes  of 

IV, 

228 

Properties  of  standard  and  special 

cull 

IV. 

229 

angles,  table            V,  44,  45,  48, 

51 

holes  for 

IV. 

229 

Proportioning  flanges 

V. 

264 

painting  of 

IV. 

231 

Proportioning  the  web 

V. 

266 

primary  wires  on 

IV. 

233 

Proportions  of  cement,  sand,  and 

setting  of 

IV. 

229 

stone,  in  actual  structures,  table 

IV, 

30 

Polygon  for  forces  at  a  joint 

Ill, 

167 

Proposal  sheet 

I. 

251 

Polygons,  definition  of 

VI, 

58 

Propylsea                                             VIII, 

51 

Poplar 

II, 

25 

Protection  of  steel,  paints  used  for 

V, 

95 

Porch  floors 

II, 

83 

Protractor 

VI, 

27 

Porches,  estimating 

II, 

265 

Public  hall  lighting 

IV. 

322 

Portland  cement 

III, 

229 

Puddling 

Ill, 

252 

characteristics  ?f            III,  229;  IV. 

11 

Pumps 

X, 

267 

Power  distribution 

IV. 

308 

Punched  beam,  detail  of 

V. 

213 

multiple  system 

IV. 

312 

Punching  machine 

IX. 

286 

series  system 

IV. 

308 

Purlins 

Ill, 

157 

Power  transmission  of  shaft,  for- 

Puttying 

I. 

95 

mula  for 

Ill, 

121 

Pyramids,  definition  of 

VI. 

62 

Practical  problems  in  design 

VI, 

305 

Pratt-Sprague  elevator 

V. 

350 

Quadrangular  prism  and  sphere, 

Primary  wiring 

IV, 

228 

intersection  of 

IX. 

73 

Priming 

I, 

97 

Quadrilaterals,  definition  of 

VI. 

57 

Prism 

Quantum  meruit 

I. 

316 

development  of 
drawing  the 

IX,  15,  67 
VII,       30 

Quarry-faced  masonry,  definition  of 
Queen  post  truss 

Ill, 
II, 

284 
133 

Problems  in  beams 

V, 

109 

Quoin,  definition  of 

III. 

284 

Profile 

IX. 

13 

Radiation,  computing                  IV, 

162, 

195 

Profile  plane 

VI, 

101 

direct                                      IV. 

162, 

195 

Projections                             II,  196; 

VI,  95,  291 

direct-indirect 

IV. 

164 

definition  of 

VII, 

75 

indirect                                     IV, 

164, 

195 

isometric 

VI. 

129 

Radiation  capacities  of  expansion 

oblique 

VI. 

141 

tanks,  table 

IV, 

195 

orthographic 

VI, 

95 

Radiator  connections 

IV, 

161 

principles  of 

VI, 

99 

Radiator  for  furnace 

X, 

42 

third  plane  of 

VI. 

101 

Radiators 

X. 

60 

Proper  distance  to  screw  pipes  into 

cast-iron 

X. 

60 

fittings,  table 

IV. 

182 

efficiency  of 

X. 

63 

Properties  of  Carnegie  corrugated 

location  of 

X, 

65 

plates,  table 

V, 

40 

pipe  for 

X, 

61 

Properties     of     Carnegie     trough 

valves  for 

X, 

72 

plates,  table 

V, 

40> 

Radius,  definition  of 

VI, 

59 

Properties  of  channels,  table 

V. 

42 

Radius  of  gyration                    III,  9 

8;  V, 

43 

Properties  of  I-beams,  table 

V.38-40 

table  of 

III 

62 
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Rafter  bevels 

II, 

98 

Relieving  arches 

III,     318 

Rafters                                    II.    89 

;   III. 

157 

Rendering 

backing  of 

II, 

112 

kind  of  drawing 

VIII,     313 

common 

II, 

98 

light  and  shade 

VIII,     318 

hip 

11, 

109 

line  work 

VIII,     314 

jack 

II, 

111 

materials 

VIII,     314 

valley 

II, 

101 

pencil  work 

VIII,     325 

Rain-water  cut-off 

IX, 

149 

studies   in 

VIII,    327-333 

Raised  letters 

VI, 

220 

summary 

VIII,      326 

Raking  mouldings 

IX, 

282 

Rendering  elevations 

VI,     269 

Ramming  concrete 

IV, 

44 

Rendering  in  pen  and  ink 

VIII,  313-346 

Rankine's  column  formula 

III. 

100 

Rendering  sections  and  plans 

VI,      270 

Ransome  system  of  fireproof  floors 

V. 

80 

Rendering  hi  wash 

IV,      257 

Ray  of  light 

VII, 

175 

graded  tints 

VI.      270 

definition  of 

VII, 

174 

laying  washes 

VI,      262 

Reactions  on  beams,  determina- 

materials 

VI,     257 

tion  of 

III, 

29 

method  of  procedure 

VI,     258 

Reactions  of  supports 

III. 

26 

handling  the  brush 

VI,     262 

ilecords,  stress 

Ill, 

172 

inking  the  drawing 

VI,     258 

Rectangular  hyperbola 

VI, 

67 

preparing  the  tint 

VI,     261 

Reducing  valves 

X, 

129 

stretching  paper 

VI,     258 

Reduction  in  values  of  allowable 

plates 

VI,  294-302 

fiber  stress,  etc.,  table 

V. 

36 

Rendering  hi  water  colors 

VI,     282 

Reflection 

IV, 

315 

Residence  lighting 

IV,     316 

Reflectors  and  shades 

IV, 

329 

illumination 

IV.     316 

Reforming  contracts 

I, 

327 

calculation  of 

IV.     316 

Refrigerator,  design  of 

VI. 

311 

plan  of 

IV.     316 

Regenerative  burners 

X. 

299 

lamps 

IV.     316 

Registers 

IV. 

165 

arrangement  of 

IV,     318 

hopper 

IX. 

157 

type  of 

IV.     316 

warm  air 

X. 

52 

table 

IV.     322 

Regular  hegaxon,  drawing  the 

VII. 

33 

Resisting  moment 

IV.       72 

Regulators 

value  of 

III.       68 

damper 

X, 

136 

Resisting  moment  of  shafts 

III,      119 

temperature                            X 

,  173, 

288 

Resisting  shear  of  beam 

III,       85 

Reinforced  concrete 

IV.  11-133 

Resolution  of  a  force 

III.      148 

flexure  in 

IV. 

59 

algebraic 

III.      149 

retaining  walls 

IV. 

-100 

graphical 

III,      148 

Reinforced  concrete  beams,  the- 

Restraint in  drawing 

VII,        13 

oretical  assumptions  of 

IV. 

65 

Retaining  walls        111,306; 

IV,  100;  V,     167 

Reinforced  concrete  tanks 

IV. 

96 

arch  culverts 

IV,     107 

design  of 

IV, 

96 

base-plate 

IV,     103 

practical  details  of 

IV. 

99 

box  culverts 

IV,     105 

test  for  overturning 

IV. 

98 

buttresses 

IV,      104 

Relation  of  engineer  to  architect 

V, 

144 

coefficients  for,  table 

III,     309 

Relation  of  shop  drawings 

V. 

146 

definition  of 

III.     285 

Note. — For  page  numbers  see  foot  of  pages. 
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Retaining  walls 

Rocks 

essential  principles 

IV, 

100 

physical  classification  of 

failure  of 

III, 

308 

stratified 

III. 

215 

footings 

IV, 

110 

unstratified 

III. 

215 

proportions  of 

III, 

307 

Rod-feed  lamps 

IV, 

292 

protection  of 

III, 

308 

Rods,  stiffness  of 

III. 

122 

surcharged 

III, 

307 

Roman  architecture 

VIII, 

165 

thickness  of 

III, 

307 

arch  and  vault 

VIII, 

165 

weep  holes 

III, 

308 

character  of 

VIII, 

178 

wind  bracing 

IV, 

114 

combination  of  arch  and  lintel 

VIII. 

167 

Return  duct 

X. 

48 

origin  of 

VIII, 

165 

Return  pipe  for  heating 

x, 

81 

Roman  column 

Return  pipe,  sizes,  table 

x.. 

81 

diameter  of 

VIII, 

42 

Return  traps 

X, 

133 

entasis  of 

VIII. 

263 

Reveal,  definition  of 

III, 

285 

Roman  doorways 

VIII, 

258 

Revetment,  definition  of 

III. 

285 

Roman  Doric  order 

Ridge  pole 

II, 

91 

classic 

VIII, 

199 

Right-hand  threads 

V, 

194 

early 

VIII, 

193 

Ring  course,  definition  of 

III, 

311 

Roman  gateways 

VIII, 

255 

Ring  stones,  definition  of 

III. 

311 

Roman  intercolumniation 

VIII, 

268 

Rip-rap,  definition  of 

Ill, 

285 

Roman  letters 

VI. 

147 

Rise,  definition  of                          III 

,  285, 

311 

Roman  mouldings 

VIII. 

261 

Rise  and  run,  definition  of 

II. 

155 

Roman  numerals 

VI 

33 

Riser,  definition  of 

II. 

155 

Roman  orders                    VII,  245  ; 

VIII. 

188 

Risers,     arrangement    of    in    and 

composed  of 

around  well-hole 

II. 

226 

column 

VIII. 

188 

Riveted  girders 

V, 

263 

entablature 

VIII. 

188 

Riveted  joints 

III. 

130 

pedestal 

VIII. 

189 

Riveted  plates 

III. 

132 

divisions  of 

compresssive  strength  of 

Ill, 

132 

composite 

VIII, 

189 

tensile  strength  of 

III. 

132 

Tuscan 

VIII. 

189 

Rivets 

transition  from  Greek 

VIII, 

223 

bearing  value  of 

V. 

206 

Roman  pediments 

VIII, 

267 

problems  in 

V. 

209 

Roman  pilasters 

VIII, 

273 

shearing  strength  of 

III. 

130 

Roman  temples,  plan  of 

VIII, 

175 

shearing  value  of 

V, 

205 

Roman  theater 

VIII. 

178 

Rocks 

Roman  triumphal  arches 

VIII, 

255 

chemical  classification  of 

III. 

216 

Roman  windows 

VIII, 

260 

argillaceous 

Ill, 

216 

Roof                                    I.  223;  II 

,  87;  V, 

16 

calcareous 

III, 

216 

ulterior  supports 

II. 

91 

silicious 

III. 

216 

rafters 

II. 

89 

geological  classification  of 

III. 

215 

ridge  pole 

II. 

91 

igneous 

III. 

215 

varieties  of 

II, 

87 

metamorphic 

Ill, 

215 

gable 

II. 

87 

sedimentary 

III, 

215 

gambrel 

II, 

88 

physical  classification  of 

III. 

215 

hip 

II. 

?S 

Note. — For  page  numbers  see  fool  of  pages. 
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Roof 

Rubble  masonry                    I,    133;  III, 

295 

varieties  of 

Rules  for  ordering  steel  materials 

V, 

23 

hip-and-valley 

II, 

88 

Running  dog  moulding 

VIII, 

74 

lean-to 

II, 

87 

mansard 

II, 

88 

Safe  angles 

V. 

21 

pitch 

II, 

87 

Safe  carrying  capacity  of  wires, 

Roof  arches 

V, 

70 

tables 

IV. 

235 

concrete-  steel 

V, 

74 

Safe  load  of  beam 

III. 

83 

terra-cotta 

V, 

70 

Safe  loads 

'     V, 

25 

tests  of 

V, 

83 

table 

V,  26-28 

Roof  covering 

III. 

157 

Safe  loads  uniformly  distributed 

Roof  details 

V, 

141 

for  hollow-tile  arches,  table 

V, 

89 

Roof  framing 

I, 

40 

Safe  offset  for  masonry    footing 

Roof  mensuration 

IX, 

243 

courses,  table 

III, 

271 

Roof  pressures,  table 

V, 

132 

Safe  projection  of  I-beams  footing. 

Roof  structures,  wiring 

IV, 

221 

table 

III, 

273 

Roof  trusses,  weight  of 

III, 

157 

Safe  strength  of  beam 

III, 

83 

Roofing 

IX. 

238 

Safe  working  loads  for  masonry, 

corrugated 

IX, 

262 

table 

III, 

273 

estimating 

II. 

270 

Safety  governors 

V, 

354 

flat-steam 

IX. 

247 

Sand 

I,  214, 

295 

metal 

IX, 

242 

Sand  and  cement  for  mortar, 

soldering  of 

IX, 

252 

amount  of,  table 

III, 

246 

standing-seam 

IX, 

257 

Sand  for  mortar 

III, 

242 

Roofing  and  metal  work 

I, 

143 

Scagliola 

I. 

198 

conductors 

I. 

150 

Scale  scoop,  pattern  for 

IX, 

42 

flashings 

I. 

147 

Scalene'cone,  development  of 

IX, 

77 

galvanized  iron  work 

I, 

151 

Scales 

VI, 

27 

gutters 

I, 

149 

force 

III. 

139 

inspection  of 

I. 

149 

used  in  details 

V, 

199 

kinds  of 

Scissors  truss 

11, 

134 

composition 

I, 

148 

Scotia  moulding 

VIII, 

70 

copper 

I, 

146 

Screens 

I, 

303 

slate 

I, 

146 

Scroll  sign 

IX, 

200 

tin 

I, 

144 

Seaming,  allowance  for 

IX, 

23 

skylights 

I, 

153 

Secant,  definition  of 

VI, 

59 

tiles 

I, 

148 

Second  beam  formula 

III, 

85 

tinned  doors  and  shutters 

I. 

152 

Second-floor  plan 

VI, 

326 

Rosendale  cement 

Ill, 

228 

Section,  definition  of 

VI, 

240 

Rosettes 

IV, 

247 

Section  modulus                        III, 

71;  V, 

43 

Rough  glass  per  sq.  ft.,  weight  of, 

Sectional  boiler 

X,. 

55 

table 

IX, 

215 

Sectional  drawing,  definition  of 

IX. 

283 

±tough  strings 

II, 

159 

Sections 

Kubber  covering  for  wires,  req- 

choosing 

V. 

304 

uisite  thickness  of,  table 

IV, 

234 

uses  of 

V. 

22 

tubbings 

VI, 

291 

Sections  and  plans,  rendering 

VI. 

270 

Note. — For  page  numbers  see  foot  of  pages. 
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Sector,  definition  of 

VI. 

60 

Shades  and  shadows 

VII, 

173 

Sedimentary  rocks 

III. 

215 

definitions 

VII, 

173 

Selection  of  truss 

V, 

130 

notation 

VII, 

175 

Self-supporting  walls 

V, 

12 

plates 

VII, 

217 

Separators  for  beams 

V, 

105 

Shading,  varieties  of 

VII, 

44 

Series  lamp  mechanism 

IV. 

291 

Shadows 

Series  system  of  power  distribution 

IV, 

308 

definition  of 

VII, 

173 

Service  blocks 

IV, 

221 

of  lines 

VII, 

178 

Service  wires 

IV, 

218 

of  planes 

VII. 

181 

Setting  out  stairs 

II, 

160 

of  points 

VII, 

176 

Sewage,  disposal  of 

X, 

233 

of  solids 

VII, 

182 

Sewage  farming 

X, 

255 

Shadows  at  45  degrees 

VI. 

248 

Sewage  purification                        X, 

244, 

252 

Shaft 

broad  irrigation 

X. 

255 

definition  of                   III,  117;  VII, 

.250 

chemical  precipitation 

X, 

253 

resisting  moment  of 

Ill, 

119 

intermittent  filtration 

X, 

255 

stiffness  of 

III, 

122 

mechanical  straining 

X, 

253 

strength  of 

III, 

117 

sedimentation 

X, 

253 

torsional  stress  in 

III, 

118 

sub-surface  irrigation 

X. 

255 

twist  of 

III. 

128 

Sewer  grades 

X, 

249 

twisting  moment  of 

Ill, 

117 

Sewerage 

X, 

244 

Shaft  details 

V, 

238 

Sewerage  system 

Shear 

construction  of 

X, 

248 

external 

III, 

33 

design  of 

X, 

248 

horizontal 

III, 

87 

Sewers 

materials  in 

III. 

25 

catch-basin  for 

X, 

251 

metals 

III. 

26 

combined  systems 

X, 

251 

timber 

III. 

25 

construction  of 

X, 

248 

maximum 

III. 

41 

depth  of  below  surface 

X, 

250 

units  for 

III. 

34 

design  of 

X, 

248 

Shear  diagrams 

III. 

37 

flushing  devices  for 

X, 

249 

Shear  notation 

III. 

34 

house  connections  of 

X, 

250 

Shear  stress 

Ill, 

12 

manholes 

X, 

249 

Sheared  plates 

V, 

21 

material  for 

X, 

251 

Shearing  strength  of  rivet 

III, 

130 

pumping  stations  for 

X, 

252 

Shearing  value  of  rivets,  deter- 

shape of 

X, 

251 

mination  of 

V, 

205 

size  of 

X, 

251 

Sheath  piling 

V, 

168 

storm  overflows  for 

X, 

252 

Sheathing 

III. 

158 

tidal  chambers  for 

X, 

252 

Sheathing  paper 

I. 

303 

underdrains 

X, 

249 

Sheet  copper,  table 

IX. 

123 

ventilation  of 

X, 

250 

Sheet  metal  work 

IX,    63-354 

Shade  lines                                    VI. 

107, 

238 

construction 

IX, 

63 

definition  of 

VII, 

174 

coppersmith's  problems 

IX, 

177 

directions  of 

VII, 

45 

brewing  kettle 

IX. 

187 

Shades  and  reflectors 

IV, 

329 

curved  elbows 

IX, 

185' 

table 

IV. 

330 

sphere 

IX, 

177 

Note. — For  page  numbers  see  foot  of  pages. 
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Sheet  metal  work 

Shop  details  of  girders 

V, 

283 

cornices 

IX, 

279 

Shop  drawings 

V, 

197 

developments 

IX. 

65 

conventional  signs 

V, 

202 

heavy  metal  problems 

IX, 

188 

details  in 

V. 

197 

boiler  stacks 

IX. 

189 

relation  of 

V, 

146 

elbow,  three-pieced 

IX, 

194 

rivet  holes,  etc. 

V, 

200 

.     gusset  sheet 

IX, 

198 

rivets  and  riveting 

V, 

201 

scroll  sign 

IX, 

200 

scales  used  in  details 

V, 

199 

taper  joint 

.  IX, 

192 

Shop  invoices  of  steel 

V, 

150 

intersections 

IX, 

65 

Shop  practice  and  use  of  detail 

light  gauge  metal  problems 

IX, 

147 

shop  drawings 

V, 

146 

chute 

IX. 

154 

Shrinkage  and  settlement  of  build- 

flange, tapering 

IX, 

169 

ing 

II, 

68 

hopper  register 

IX, 

157 

Shunt  lamps 

IV, 

290 

hot-air  pipe 

IX. 

151 

Side  construction  of  terra  cotta 

oblique  piping 

IX. 

147 

arches 

V, 

71 

pipe  connections 

IX, 

160 

Signs 

rain-water  cut-off 

IX, 

149 

rule  of  for  tending  moment 

III, 

42 

three-way  branch 

IX, 

162 

rule  of  in  external  shears 

III, 

33 

two-branch  fork 

IX, 

166 

Silicious-stones 

III, 

216 

mensuration  problems 

IX, 

357 

Sill 

II, 

49 

patterns 

IX. 

65 

definition  of 

III, 

285 

practical  workshop  problems 

IX, 

86 

Simple  beams,  table  for  compu- 

bath tub 

IX, 

92 

tation 

IV, 

80 

elbows 

IX, 

104 

Single-jet  gas  burner 

X, 

297 

Emerson  ventilator 

IX, 

101 

Single-pitch  skylight 

IX, 

221 

funnel  strainer  pail 

IX, 

96 

Single-riveted  joint 

III. 

130 

hip  bath 

IX, 

90 

Sinks 

X. 

209 

sink  drainer 

IX, 

86 

Siphonage 

X. 

227 

roofing 

IX, 

238 

Sitting  room,  design  of 

VI, 

310 

corrugated 

IX, 

262 

Skeleton  letter 

VI, 

193 

flat-seam 

IX, 

247 

Sketches 

VI, 

313 

metal 

IX, 

242 

Sketching 

VI 

286 

soldering  of 

IX, 

252 

materials  for 

VI, 

287 

standing-seam 

IX, 

257 

subjects  for 

VI, 

28S 

shop  tools 

IX, 

64 

water  color 

VI, 

283 

skylights 

IX, 

213 

Skewback 

III, 

317 

construction  of 

IX. 

213 

definition  of 

III, 

311 

patterns  for 

IX, 

216 

Skylights                                  I,  153: 

IX, 

213 

shop  tools  for 

IX. 

216 

bars 

IX, 

216 

tables 

IX, 

64 

construction  of 

IX, 

213- 

Sheet  zinc,  'table 

IX, 

124 

IX, 

217 

Shellac  and  varnish 

i, 

99 

Shingles 

I, 

50 

patterns  for 

IX, 

216 

Shop  details 

raising  sash 

IX, 

219 

illustrations  of 

V. 

298 

shop  tools  for 

IX, 

216 

problems  in 

V, 

235 

styles  of 

IX. 

221 

Note. — For  page  numbers  see  Joot  of  pages.' 
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Skylights 

Spacing  of  steel  beams 

V. 

32 

styles  of 

Spall,  definition  of 

HI, 

285 

double-pitch 

IX, 

222 

Span,  definition  of 

III. 

311 

flat  extension 

IX, 

222 

Spandrel,  definition  of 

III. 

311 

hipped 

IX, 

223 

Spandrel  teams 

V, 

13 

single-pitch 

IX. 

221 

Spandrel  filling 

III, 

316 

Slab  bars,  practical  methods  of 

Special  framing 

II. 

118 

spacing 

IV, 

79 

Specific  gravity,  weight,  and  re- 

Slab computation,  table  for 

IV, 

77 

sistance  to  crushing  of  brick, 

Slabs 

table 

Ill, 

224 

on  I-beams 

IV, 

93 

Specific  gravity,  weight,  and  re- 

reinforced in  both  directions 

IV, 

94 

sistance  to  crushing  of  stones, 

reinforcement  against  tem- 

table 

III, 

219 

perature  cracks 

IV, 

95 

Specification 

I.  228, 

291 

Slate  roofing 

I, 

146 

architect 

I,  232, 

292 

Slating 

I, 

52 

city  laws 

I, 

230 

Sleeve  nuts 

V, 

193 

conditions,  general 

I, 

228 

Slips,  definition  of 

III. 

285 

accepted  and  rejected 

Slitting  shears 

IX, 

286 

materials 

I, 

229 

Slope-wall  masonry,  definition  of 

III, 

285 

changes 

I, 

229 

Slow-burning  weather  proof  wire 

IV, 

234 

contract  drawings 

I, 

228 

requisite  thickness  of,  table 

IV, 

234 

detail  drawings 

I. 

229 

Small  letters 

VI, 

200 

responsibility  of  contrac- 

Smoke pipes 

X, 

46 

tor 

I, 

229 

Snap  switches 

IV, 

254 

contractor 

I, 

292 

Snow  loads,  analysis  for 

III, 

176 

contractor's  foreman 

I, 

231 

Snow  loads  on  roof 

III, 

158 

drawings 

I,  231, 

293 

Snow-load  stress 

III, 

205 

employer's  liability  insurance 

I, 

230 

Soffit 

VIII, 

70 

general  scope  of 

I, 

273 

definition  of 

III, 

311 

ladders 

I, 

230 

of  Doric  order 

VII, 

273 

laws  for 

V, 

52 

Soil  pipe 

X, 

219 

materials  and  labor 

I, 

291 

vent  for 

X, 

231 

payments 

I, 

232 

Soil  and  waste  pipes 

X, 

219 

samples  of  materials 

I. 

230 

brass 

X, 

222 

scaffold 

I, 

230 

cast-iron  " 

X, 

219 

sewer  and  water  connections 

I, 

234 

lead 

X. 

223 

site 

I, 

233 

tile 

X, 

224 

backfilling 

I, 

234 

wrought  iron 

X, 

222 

excavation 

I, 

234 

Soils,  bearing  power  of 

V, 

159 

time  for  completion 

I,  233, 

293 

Solids 

Specification  reminder 

I, 

285 

definition  of 

VI, 

61 

Sphere 

IX, 

177 

shadows  of 

VII, 

182 

definition  of 

VI, 

64 

Spacing  in  lettering 

VI, 

199 

Splices 

II,  36, 

43 

Spacing  of  standard  I-beams  for 

for  bending 

11, 

47 

uniform  load 

V, 

30 

for  compression 

II. 

43 

Note. — For  page  numbers  see  foot  of  pages. 
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Splices 

Steam  boilers 

for  tension 

II, 

45 

cast-iron  boilers  with  vertical 

Splicing  wires                               IV, 

221, 

235 

sections 

IV, 

136 

Split  nuts 

V, 

193 

coal  consumption  of 

IV, 

143 

Spout,  pattern  for 

IX, 

27 

for  coke 

IV, 

139 

Spread  foundations 

V, 

153 

-  connections 

IV, 

140 

Springer,  definition  of 

III, 

311 

fittings 

IV, 

142 

Springing,  definition  of 

III. 

311 

grate  surface  and   heating 

Spruce 

II, 

21 

capacity 

IV, 

143 

Square,  drawing  the 

VII, 

28 

non-conducting  coverings 

IV, 

144 

Square  ends  column 

III, 

97 

sectional  boilers 

x, 

55 

Square-root  angles 

V, 

21 

selection  of 

IV. 

137 

Square  and  round  iron  bars,  table 

IX, 

132 

small  cast-iron 

IV, 

135 

Squared-stone  masonry 

III, 

294 

for  soft  coal 

IV, 

138 

Squaring  shears 

IX, 

286 

trimmings 

IV, 

142 

Stacks  for  indirect  heating 

X, 

86 

tubular  boilers 

x. 

57 

Staining                                              I 

.  96, 

98 

Steam  coils 

IV, 

145 

Stair-building                                      II,   153-226 

miter 

IV. 

147 

Staircase  details 

VI; 

355 

return-bend 

IV, 

147 

Stair  strings 

II, 

159 

wall 

IV, 

146 

Stairs                                            I.  84;  II, 

83 

Steam  elevators 

V, 

315 

curved 

II, 

186 

Steam  fitting 

x, 

194 

estimating  cost  of 

II, 

262 

Steam  flow,  table                               X 

,76, 

77 

geometrical 

II, 

187 

Steam  heating 

I, 

73 

laying  out  of 

II, 

174 

boilers 

I, 

76 

open-newel 

II, 

184 

connections 

I, 

75 

setting  out 

II, 

160 

modified  systems  of 

IV, 

170 

types,  common 

II, 

193 

mercury  seal  vacuum 

IV, 

172 

Stairways,  design  of 

VI, 

310 

thermograde 

IV, 

171 

Standard  forms  of  steel  connections 

V, 

147 

vapor 

I, 

171 

Standard  lamp  sockets 

IV, 

249 

piping 

I, 

73 

radiators 

76 

Standard  threads 

V, 

194 

1 

Standard  tin  plates,  table 
Standing-seam  roofing 

IX, 
IX, 

48 
257 

valves 
Steam  heating,  indirect 
Steam-heating  boilers,  care  and 

I, 
x. 

75 

85 

table 

IX, 

240 

management  of 

x, 

103 

Starling,  definition  of 

III, 

285 

Steam  and  hot  water  fitting         IV 

,  135-198 

Starshake 

II, 

15 

Steam  piping 

IV, 

150 

Statics                                                  III,  137-212 

dry  return  system 

IV. 

150 

Station  point 

VII, 

76 

one-pipe  system 

IV, 

153 

Statute  of  frauds 

I, 

323 

overhead  feed  system 

IV, 

151 

Staved  strings 

II, 

160 

two-pipe  system 

IV, 

153 

Steam  boilers                        IV,   135 

;  x. 

54 

wet  return  system 

IV, 

151 

arrangements  of  grates 

IV, 

137 

Steam  pressures  and  temperatures 

IV, 

158 
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Steam  radiators 

IV, 

145 
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IV, 

142 

concealed 

IV, 

145 
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VIII, 
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III, 

289 

Steel 

boasted 

III, 

289 

corrosion  of 

V, 
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broached 

III. 

289 

effect  of  quality  of 

IV, 

91 

bush  hammered 

Ill, 

289 

handbooks  on  use  of 

V, 

17 

chiselled 

III, 

289 

mill  invoices  of 

V, 

150 

crandalled 

III, 

289 

percentage  of 

IV, 

72 

deadening 

III, 

289 

resistance  to  slipping  of  in 

drafted 

III, 

289 

concrete 

IV. 

80 

dressed  work 

III. 

289 

shop  invoices  of 

V. 

150 

droved 

Ill, 

289 

Steel  bars 

V. 

23 

hammer  dressed 

III, 

289 

Steel  beams 

herring  bone 

III. 

289 

characteristics  of  shapes 

V. 

19 

nigged 

Ill, 

289 

spacing  of 

V, 

32 

patent  hammered 

III. 

289 

Steel  columns 

V, 

113 

picked 

III. 

289 

connections,  effect  of 

V, 

116 

pitched 

III. 

289 

sections 

V. 

120 

plain 

Ill, 

289 

calculations  of 

V, 

121 

pointed 

III, 

289 

selection  of 

V, 

120 

polished 

III, 

289 

shapes  used 

V, 

114 

prison 

III. 

290 

Steel  connections,  standard  forms 

random  tooled 

Ill, 

290 

of 

V. 

147 

rock-faced 

III, 

290 

Steel  construction 

V,    11-314 

rubbed 

III, 

290 

Steel  designs,  use  of  tables  for 

V, 

24 

rustic 

III, 

290 

Steel  frame 

V, 

58 

scabble 

III. 

290 

columns,  position  of 

V, 

60 

smooth 

Ill, 

290 

tie  rods 

V. 

68 

square-droved 

III, 

290 

Steel  materials,  rules  for  ordering 

V. 

23 

striped 

III, 

290 

Steel  rods 

V, 

23 

stroked 

III. 

289 

Steel  square                     II.  28;  VIII,  349-375 

tooled 

III. 

290 

as  applied  in  roof  framing 

VIII, 

355 

toothed 

Ill, 

290 

Steel  for  tension,  economy  of 

IV. 

62 

vermiculated  worm  work 

III, 

290 

Steel  work,  estimating  cost  of 

V. 

150 

tools  used  in 

III. 

287 

Steeples 

II. 

138 

axe 

Ill, 

287 

Stiffeners,  use  of 

V. 

267 

bush  hammer 

III. 

287 

Stiffness  of 

cavil 

III. 

287 

beams 

Ill, 

122 

chisel 

Ill, 

288 

rods 

III. 

122 

crandall 

HI, 

287 

shafts 

Ill, 

122 

double-face  hammer 

III. 

287 

Stile 

IX. 

281 

face  hammer 

Ill, 

287 

Stone  character  of  Greek  build- 

hand hammer 

III, 

288 

ings  with  Doric  order 

VIII, 

57 

mallet 

III, 

288 

Stone  cutting 

III, 

286 

patent  hammer 

III. 

288 

terms  used  in 

III, 

289 

pean  hammer 

Ill, 

287 
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tools  used  in 

stock 
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129 

pick 

III, 

287 

stone 

I, 

129 

pitching  chisel 

III, 

288 

Stop  block 

IX, 

281 

plug 

III, 

288 

Storage  batteries 

IV, 

205 

point 

III, 

288 

Storm  overflows 

X, 

252 

splitting  chisel 

III, 

288 

Story  rod 

II, 

160 

tooth  axe 

III, 

287 

Stoves 

X. 

11 

tooth  chisel 

III, 

288 

Straight  flights 

II, 

177 

Stone  masonry 

I, 

133 

Straight-line  formula  for  columns 

III, 

106 

arches 

I, 

138 

Straight  lines  in  drawing 

VII. 

19 

bonding 

I, 

136 

Stranded  wires                               IV, 

236. 

250 

classification  of 

Stratified  rocks 

HI, 

215 

ashlar 

I. 

135 

Street  lighting 

IV, 

325 

rubble 

I, 

133 

Strength  of  beams 

III, 

62 

columns 

I, 

138 

laws  of 

III, 

83 

jambs 

I, 

138 

safe 

III. 

83 

laying  of  stone 

I, 

135 

Strength  of  materials                       III,  11-134 

lintels 

I, 

138 

Strength  of  shafts 

Ill, 

117 

quoins 

I, 

138 

formula  for 

III, 

119 

rules  for  laying 

III, 

296 

Stress 

III, 

11 

trimmings 

I, 

138 

compressive 

III, 

12 

Stone  paving,  definition  of 

III, 

285 

dead  load 

III, 

203 

Stones 

I. 

129 

direction  of 

V, 

303 

artificial 

III. 

218 

fiber                                        in, 

33, 

67 

building 

Ill, 

216 

shear 

III, 

12 

classification  of 

III,  215, 

292 

snow  load 

III, 

205 

chemical 

III, 

215 

tensile 

III, 

12 

cut 

III, 

293 

unit 

III, 

13 

geological 

III. 

215 

wind  load 

III, 

205 

physical 

III. 

215 

Stress-deformation  diagram 

III, 

16 

squared 
unsquared 
dressing 
finishing  of 

III. 
III. 
Ill, 
I, 

292 
292 
286 
130 

Stress  in  diagonals 
Stress  diagrams 
Stress  records 

V, 
III, 
III, 

304 
168 
172 

general  rules  for  laying 
preservation  of 

I, 
III, 

140 
218 

table                                      in, 
Stress  at  a  section 

181, 
III, 

206 

testing  of 

I, 

129 

Stresses 

tests  for 

III, 

217 

temperature 

III, 

125 

absorptive  power 

III. 

217 

top  chord 

V, 

301 

atmospheric  effect 

HI, 

218 

Stresses  in  trusses                      III, 

161, 

199 

frost  effect 

III, 

218 

Stresses  hi  verticals 

V, 

303 

Stonework 

I, 

129 

Stretcher,  definition  of 

in, 

285 

estimating 

II, 

243' 

Stretching  paper 

VI, 

258 

general  inspection  of 

I, 

141 

Stretchout  line 

IX, 

13 

pointing 

T, 

143 

String-board,  definition  of 

ii, 
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floors  V,  16 
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Ionic  VII,  280 

mutular  VII,  262 

Roman  VII,  245 

Tuscan  VII,  258 

Stylobate  VIII,  62 

Subjects  to  sketch  VI,  288 

Superimposed  orders  use  of  VIII,  172 

Superposition,  definition  of  VII,  321 

Superposition  of  the  orders  VII,  329 

Supply  connections  for  indirect 

radiators,  table  IV.  157 

Supply  mains,  capacity  of  table  IV,  1  56 

Supports  for  partitions  II,  74 

Surfaces,  definition  of  VI,  56 

Switchboard'  IV,  203 
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System  of  measurement  for  the 
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bricks,  size  and  weight  of  III,  223 
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indirect  radiation  X,  1 03 
ingredients  in  1  cu.  yd.  concrete  IV.  31 
intrinsic  brilliancies  in  candle- 
power  per  sq.  in.  IV,  314 
iron,  weight  of  sq.  ft.  of  IX,  1 22 
keystone  for  semicircular 

arches,  depth  of  III.  313 
lead,  weight  of  sq.  ft.  of  IX,  1 22 
lead  pipe  dimensions  X,  264 
lighting  data  for  arc  lamps  IV,  324 
lighting  data  for  Cooper- 
Hewitt  lamps  IV,  325 
maximum  shear  III,  63 
measure,  size  of  IX,  40 
mild-steel  columns,  data  for  III,  107.  Ill 
minimum  thickness  of  abut- 
ments for  arches  III,  315 
modulus  of  elasticity  of  some 

grades  of  concrete  IV,  71 
moment  diagrams  III,  63 
•moment  of  inertia  III,  62 
neat  cement,  strength  of  IV,  22 
one-pipe  risers,  capacities  of  IV,  156 
percentage  of  water  for  stand- 
ard 'sand  mortars  IV.  1 7 
pipe  for  gas  burners  X,  295 
pipe  risers  for  hot  water  X,  124 
pipe  sizes,  single  pipe  system  X,  80 
pipes  for  pile  driving,  number 

and  size  of  III,  261 

pole  line  data  IV.  232 
proper  distance  to  screw  pipes 

into  fittings  IV,  182 
properties  of  Carnegie  corru- 
gated plates  V,  40 
properties  of  Carnegie  trough 

plates  V,  40 

properties  of  channels  V,  42 

properties  of  I-beams  V.  38-40 

properties  of  standard  I-beams  III,  82 
properties    of    standard    and 

special   angles           V,    44,  45,    48-51 

Note. — For  page  numbers  see  foot  of  pages. 


Part  Page 
Table 

proportions  of  cement,  sand, 
and  stone  in  actual  struc- 
tures IV,       30 
radiation  capacities  of  expan- 
sion tanks       IV,     195 
reduction  in  values  of  allow- 
able fiber  stress,  etc.  V,       36 
residence  lighting                           IV,     322 
retaining  walls,  coefficients  for     III,     309 
return  pipe,  sizes                             X.       81 
roof  pressures                                     V,     132 
rough  glass  per  sq.  f t.,  weight  of  IX,     21 5 
rubber  covering  for  wires, 

thickness  of  IV,     234 

safe  carrying  capacity  of  wires      IV,     235 
safe  loads  V,  26-28 

safe  loads  uniformly  distributed 

for  hollow-tile  arches  V,       89 

safe  offset  for  masonry  footing 

courses     III,     271 
safe    projection    of    I-beams 

footing    III,     273 

safe  working  loads  for  masonry    III,     273 
sand  and  cement  for  mortar, 

amount  of     III,     246 
shades  and  reflectors  IV,     330 

sheet  copper  IX,     123 

sheet  zinc  IX,     1 24 

slow-burning  weatherproof  in- 
sulation, requisite  thick- 
ness of     IV,     234 
spacing  of  standard  I-beams 

for  uniform  load       V,       30 
specific  gravity,  weight,    and 
resistance  to  crushing  of 

brick   -III,     224 
specific  gravity,   weight,   and 
resistance  to  crushing 

of  stones    III,     219 

square  and  round  iron  bars  IX,     132 

standard  and  special  angles, 

properties  of     V,  44.  45,  48,  51 
standard  tin  plates  IX,       48 

standing  seam  roofing  IX,     240 

steam  flow  X,     76,       77 


372 


INDEX 


43 


Part  Page 
Table 

stress  record  III.  181,     206 

supply    connections    for    in- 
direct radiators,  sizes  of         IV,     157 
supply  mains,  capacity  of  IV,     156 
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.Temple  of  the  Sun,  Rome 

VIII, 

239 

Timber 

Temple  of  Theseus                   •    VIII,  15. 

47 

defects  in 

Temple  of  Vesta 

VIII, 

232 

wet  rot 

II, 

15 

Temple  of  Zeus,  Athens 

VIII, 

119 

windshake 

II, 

14 

Templets,  definition  of 

III, 

277 

general  characteristics  of 

II, 

26 

Tenon-and-tusk  joint 

II, 

40 

cleavage 

II, 

27 

Tensile  strength  of  cement  mortar, 

flexibility 

II, 

27 

table 

III, 

239 

hardness 

II, 

27 

Tensile  strength  of  riveted  platss 

ITI, 
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toughness 

II, 

27 

Tensile  stress 

III, 
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knots 

II. 

17 

Tension 

varieties  of 

II, 

'       19 

materials  in 

III. 

21 

Timber  beams,  design  of 

HI. 

88 

cast  iron 

Ill, 

23 

Timber  trusses 

II, 

132 

steel 

III. 

22 

Tin  roofing 

I, 

144 

timber 

Ill, 
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IX, 
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wrought  iron 

III. 
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11 
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III, 

91 
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V. 

70 
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IX. 

19 

end  construction  of 

V. 

71 

cylinder 

IX. 

14 

side  construction  of 

V, 

71 

hexagonal  prism 

IX, 

14 

Tested  fuse  wires,  table 

IV. 

258 

intersected  cylinder 

IX, 

16 

Testing  drawings  by  measurement 

VII, 

37 

prism 

IX, 

15 

Testing  of  gas  pipes 

X, 

295 

vertical  prism 

IX. 

17 

Testing  plumbing 

X, 

242 

patterns 

IX. 

12 

Testing  with  the  slate  in  freehand 

methods  of  obtaining 

IX, 

12 

drawing 

VII, 

23 

notching 

IX, 

24 

Tests  of  floor  and  roof  arches 

V. 

83 

transferring 

IX, 

25 

Tests  of  partitions 

V. 

92 

seaming,  allowance  for 

IX, 

23 

Theater  of  Marcellus,  Rome      VIII 

,  173, 
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shop  tools 

IX, 

12 

Third  plane  of  projection 

VI, 

101 

wiring,  allowance  for 

IX, 

23 

Thplos  at  Epidauros 

VIII, 

126 

workshop  problems,  practical 

IX, 

25 

Thumb  tacks 

VI, 

13 
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IX, 

46 
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X. 

252 

drip  pan 

IX, 

31 
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92 
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IX. 

36 
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IX, 

27 

Tie  wires 

IV. 
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IX, 

28 
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11 
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IX, 
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17 

pail 

IX, 

25 

conversion  of 

II, 

17 

scale  scoop 
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42 

defects  in 

II. 

14 

spout 

IX, 

27 

checks 

II. 

16 

tea  pot 

IX. 

33 

dry  rot 
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15 

wash  boiler 

IX, 

39 

heartshake 

II, 

14 

Tint,  preparing 

VI, 

261 

starshake 

II, 

15 

Tinted  paper 

VI, 

231 

warping 

II, 

15 

Tinting 

I, 

101 
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VI, 

353 

Truss  loads 

III. 

157 

Tools,  pipe-fitting 

IV, 

181 

Truss  stresses 

Ill, 

199 

Toothing,  definition  of 

III, 

285 

Trussed  partitions 

II, 

121 

Torsion,  angle  of 

III. 

128 

Trussed  stringers 

V, 

309 

Torsional  stress  in  shaft 

Ill, 
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>7;  V, 

130 

Torts 

I, 

339 

analysis  of 

III, 

157 

Torus  moulding                  VIII,  69;  IX, 

289 

bracing 

V, 

130 

Toughness  of  timber 

II. 

27 

considerations    affecting    de- 

Tower of  the  Winds,  Athens    VIII 

,  121, 

122 

signs  of 

V, 

131 

Towers 

II, 

138 

determination  of  loads 

V, 

132 

Tracing                                          VI, 

154, 

317 

notation  for  graphical  analysis 

III, 

167 

definition  of 

IX, 

289 

practical  considerations 

V, 

131 

on  the  slate 

VII. 

22 

selection  of  type 

V, 

130 

Tracing  paper 

VI, 

232 

standards  in  detailing 

V, 

294 

use  of 

VI, 

284 

Tubular  boiler 

X, 

57 

Transferring  patterns 

IX, 

25 

table 

X, 

59 

Transformers,  location  of 

IV, 

223 

Turnbuckles 

V, 

193 

Transition  from  Greek  to  Roman 

Turret  sash 

IX, 

232 

order 

VIII, 

223 

Tuscan  order                    VII,  258; 

VIII, 

189 

Traps 

I, 

62 

Twist,  angle  of 

III, 

128 

Traps  and  vents 

X, 

226 

Twist  of  shafts 

III, 

128 

back  venting 

X, 

229 

Twisting  moment  of  shaft 

III, 

117 

fresh  air  inlets 

X, 

231 

Two-men  stone,  definition  of 

III, 

285 

local  vents 

X, 

230 

Two-pipe  risers,  capacities  of,  table 

iv; 

157 

main  vent 

X, 

231 

Two-way  valve 

V, 

328 

soil  pipe  vent 

X, 

231 

Type  form  of  Greek  Doric  order 

VIII, 

58 

traps 

X, 

226 

Tread,  definition  of 

II, 

155 

Ultimate  efficiency  of  joint 

III, 

134 

Tree  wiring 

IV, 

221 

Ultimate  load  on  slabs  of  concrete. 

Trees 

table 

IV, 

78 

classes  of 

II, 

12 

Ultimate  strength  of  material 

III, 

16 

details  of  structure 

II, 

13 

Umbra,  definition  of 

VII, 

174 

manner  of  growth 

II, 

12 

Underdrains 

X, 

249 

Triangles 

VI. 

17 

Under-floors 

I, 

303 

definition  of 

VI, 

56 

Underpinning 

I, 

32 

drawing  the 

VII, 

29 

Underpinning  shoring 

V, 

168 

Triangulation,  development  by 

IX, 

75 

Uninsulated  metal  conduits 

IV, 

245 

Triglyphs 

VIII, 

65 

Union-  jet  burner 

X, 

298 

Trimmers 

II, 

77 

Unit  deformation 

III, 

14 

Triumphal  arches,  Roman 

VIII. 

255 

Unit  of  measurement  of  the  orders 

VIII, 

190 

Trough  plates 

V, 

23 

Unit  of  moment  of  inertia 

III, 

57 

Trump  measuring  device 

IV. 

40 

Unit  stress 

III, 

13 

Truss 

Units  for  bending  moment 

III, 

43 

determination  of  reactions  of 

Ill, 

189 

Unstratifled  rocks 

III. 

215 

Fink 

III, 

202 

Unsupported  corners 

II, 

84 

Truss  details 

II. 

135 

Upset  rods 

V, 

194 

Note. — For  page  numbers  see  foot  of  pages. 
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Uralite 

V, 

97 

Vertical  hydraulic  elevators 

V, 

329 

Urinals 

X, 

206 

Vertical  prism,  development  of 

IX. 

17 

U.  S.  gauge  for  sheet  and  plate  iron 

Vertical  shears,  distribution  of 

IV. 

86 

and  steel,  table 

IX, 

125 

Vertical  trace 

VII. 

87 

Use  of  column  in  connection  with 

Vertical  walls 

IV, 

113 

arcade 

VIII, 

201 

Verticals,  stress  in 

V, 

303 

Use  of  detail  in  work 

V, 

152 

Vignola 

VIII, 

190 

Use  of  triglyph  at  corner  angle 

VIII, 

196 

Corinthian  order  of 

VIII, 

240 

mutular  Roman  Doric  of 

VIII, 

209 

Vacuum  heating  system 

X, 

143 

versions  of  the  orders 

VIII, 

190 

Paul 

X, 

146 

Visual  element 

VII, 

79 

Webster 

X, 

143 

Visual  rays,  definition  of 

VII, 

75 

Vacuum  valve 

X, 

74 

Vitruvian  wave  moulding 

VIII, 

74 

Valley  rafters 

II, 

101 

Vitruvius  characterization  of  Doric 

Value  drawing 

VII, 

40 

and  Ionic  orders 

VIII, 

80 

Value  of  freehand  drawing  to  archi- 

Voltage, effects  of  change  in,  table 

IV, 

284 

tect 

VII, 

11 

Volts  lost  at  different  per  cent  drop, 

Value  scale  in  drawing 

VII, 

41 

table 

IV, 

217 

how  to  make 

VII, 

43 

Volutes 

VIII, 

89 

how  to  use 

VII. 

43 

Volutes  at  corners  of  buildings. 

Values 

VI, 

251 

arrangement  of 

VIII, 

91 

Valves 

Voussoirs,  definition  of 

III, 

311 

back-pressure 

X, 

130 

for  hot-  water  piping 

X, 

118 

Wages,  scale  of 

II, 

241 

reducing 

X, 

129 

Waiver 

I, 

329 

Vanishing  point  diagram 

VII, 

127 

Wall  dimensions,  table 

III, 

305 

Vanishing  point  of  lines 

VII, 

78 

Wall  strings 

II, 

159 

Vanishing  point  of  oblique  lines 

VII, 

115 

Walls 

III. 

303 

Vanishing  trace  of  system 

VII. 

80 

cellar 

I,  27, 

30 

Varieties  of  shading 

VII, 

44 

enclosing 

V, 

11 

Varnish  and  shellac 

I. 

98 

concrete 

V, 

14 

Vault,  definition  of 

VII, 

252 

curtain 

V, 

12 

Vaults 

II. 

146 

load-bearing 

V, 

11 

Vent  flues 

X, 

95 

metal 

V. 

13 

Ventilation 

self-supporting 

V. 

12 

air  required  for 

X, 

29 

Warm-air  flues 

X, 

93 

horse-power  for 

X, 

58 

Warm-air  pipes 

X 

48 

principles  of 

X, 

25 

Warming,  systems  of 

X, 

11 

Vents  and  traps 

X, 

226 

direct  hot  water 

X, 

18 

back  venting 

X. 

229 

direct-indirect  radiators 

X, 

17 

fresh  air  inlets 

X, 

231 

direct  steam 

X, 

.  14 

local  vents 

X, 

230 

electricity 

X. 

24 

main  vent 

X, 

231 

exhaust  steam 

X, 

20 

soil  pipe  vent 

X. 

231 

forced  blast 

X, 

22 

traps 

X, 

226 

furnaces 

X. 

11 

Vertical  deflection 

V, 

29 

indirect  hot  water 

X. 

20 

Note. — For  page  numbers  see  foot  of  pages. 
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Warming  systems  of 

indirect  steam 

stoves 

Warping  in  timber 
Wash  boiler,  pattern  for 
Wash-drawings,  materials  for 
Washes,  laying 


Water-back  connections 
Water  balance  elevators 
Water  closets 
Water-color  hints  for  draftsmen 

brushes  and  paper 

combination  of  colors 

manipulation 

tube  and  pan  colors 

water-color  rendering 

water-color  sketching 
Water-color  rendering 
Water-color  sketching 
Water  line,  artificial 
Water  pipes 

Water  pressure  and  head,  table 
Water  supply 
Water-table,  definition  of 
Waterway,  calculating  area  of 
Weatherproof  wire 
Web 

crippling  of 

economical  depth  of 

proportioning  the 
Web  splices 
Weber  photometer 
Webster  heating  system 
Weight  of  roof  trusses 
Well-hole 

arrangement  of  risers  in  and 
around 
Welsh  groin 
Wet  rot 

White  light  reflected  from  different 
materials,  table 
Whitewash 

Wind  load,  analysis  for 
Wind-load  stress 
Wind  pressure 

Note. — For  page  numbers  see  foot  of  pages. 
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Wind  pressure 

X, 

15 

on  roof 

III. 

158 

X, 

11 

Winder 

II, 

177 

II. 

15 

Winding  stairs 

II. 

177 

IX, 

39 

Window  frames 

I, 

52 

VI, 

231 

Window-frames  and  scuttle 

I, 

301 

VI. 

262 

Windows 

I, 

86 

I,  62;  X, 

219 

Roman 

VIII, 

260 

X. 

280 

Windshake 

II, 

14 

V, 

323 

Wing  walls 

III. 

326 

X, 

202 

Wires 

a           VI, 

274 

approved  rubber-covered 

IV, 

233 

VI, 

278 

bare 

IV, 

218 

VI, 

278 

carrying  capacity  of 

IV. 

234 

VI, 

278 

entrance 

IV, 

221 

VI, 

274 

installation  of 

IV, 

237 

VI, 

282 

line 

IV, 

218 

VI. 

283 

outside 

IV, 

228 

VI, 

282 

service 

IV, 

218 

VI, 

283 

slow-burning  weatherproof 

IV, 

234 

IV, 

154 

space  between 

IV, 

221 

X. 

263 

splicing  of                              IV, 

,  221, 

235 

X. 

261 

stranded                                  IV 

,  236, 

250 

I, 

311 

telegraph  and  telephone 

IV, 

221 

III, 

285 

tie 

IV, 

218 

III. 

329 

weatherproof 

IV. 

234 

IV. 

234 

Wiring 

arc  light 

IV, 

241 

V. 

267 

concealed 

IV, 

243 

V. 

266 

conduit 

IV, 

246 

V, 

266 

fixture 

IV, 

247 

V, 

280 

inside 

IV, 

233 

IV, 

340 

outside 

IV, 

218 

X, 

143 

primary 

IV, 

228 

III, 

157 

roof  structures 

IV, 

221 

II, 

170 

.  special 

IV, 

242 

nd 

tree 

IV, 

221 

nd         II, 

226 

Wiring  and  construction,  outside 

IV. 

218 

II, 

148 

Wiring  formulae 

IV, 

239 

II, 

15 

Wiring  for  light  and  power  circuits, 

rent 

table 

IV, 

238 

able     IV, 

315 

Wiring  table 

IV, 

236 

I, 

298 

Wood,  grain  of 

II, 

14 

III, 

177 

Wood  bricks,  definition  of 

III, 

286 

III. 

205 

Woods,  fire-resisting 

V, 

96 

V, 

56 

Working  drawings 

VI. 

314 
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Working  efficiency  of  joint                   III,  134       Wreaths,  bevels  to  square                      II,     212 

Working  standards                                  IV,  335       Wrought  iron  pipe  dimensions,  table    X,     263 

Working  strength  of  material               III,  1 8 

Worm  gearing                                            V,  323       Zee  bars                                                       V,       23 

Woven-band  moulding                      VIII,  74       Zinc,  weight  of  sq.  ft.  of,  table             IX,     122 
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